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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


By  Clarence  Hall  and  Spencer  P.  Howell. 


INTRODUCTION. 

The  tests  and  studies  begun  by  the  United  States  Geological  Survey 
in  the  fall  of  1908  with  a  view  to  lessening  the  accidents  attending 
the  use  of  explosives  in  coal  mining  are  bemg  continued  by  the  Bureau 
of  Mines  at  the  Pittsburgh  experiment  station  and  in  the  field.  One 
hundred  and  six  applications  for  the  testing  of  209  different  explo- 
sives had  been  received  at  the  Pittsburgh  station  prior  to  March  1, 
1913,  and  on  that  date  97  explosives  that  had  passed  the  required 
tests  were  on  the  "permissible"  list  issued  by  the  bureau.  This  bul- 
letin gives  the  results  of  tests  of  all  permissible  explosives  tested 
between  May  15,  1909,  and  March  1,  1913.  Bulletm  15  entitled 
"Investigations  of  Explosives  used  in  Coal  Mines"  contains  the  results 
of  tests  of  17  permissible  explosives  tested  prior  to  May  15, 1909.  A 
copy  of  the  test  requirements  and  the  names  of  explosives  on  the  per- 
missible list  dated  March  1,  1913,  are  appended  to  this  bulletin. 

An  explosive  is  considered  permissible  for  use  in  coal  mmes  when 
it  is  similar  in  all  respects  to  the  sample  that  passed  the  tests  required 
by  the  bureau,  and  when  it  is  used  in  accordance  with  the  conditions 
prescribed. 

The  physical  tests  reported  in  this  bulletin  were  conducted  by 
Messrs.  H.  F.  Braddock,  A.  J.  Strane,  J.  W.  Koster,  A.  S.  Crossfield, 
A.  J.  Hazlewood,  A,  B.  Coates,  and  J.  E.  Tiffany  at  the  Pittsburgh 
experiment  station  of  the  bureau. 

The  act  of  Congress  making  appropriations  for  sundry  civil  ex- 
penses of  the  Government  for  the  fiscal  year  ending  June  30,  1912, 
authorized  the  Secretary  of  the  Interior  to  charge  a  fee  covering  the 
actual  necessary  expenses  involved  m  making  such  tests  by  the  Bureau 
of  Mines  as  might  be  approved  by  him.  After  careful  consideration 
had  been  given  to  the  actual  necessary  expenses  involved  in  the  test- 
ing of  explosives  to  determine  their  permissibility  for  use  in  coal 
mines,  the  sum  of  $150  was  approved  by  the  Secretary  of  the  Interior 
as  a  reasonable  charge  for  each  complete  official  test.**  During  the 
first  year  this  law  was  in  effect  the  fees  collected  amounted  to  more 
than  $6,000. 

a  Fees  for  testing  explosives  and  conditions  under  which  explosives  will  be  received  for  test,  Schedule  1, 
Bureau  of  Mines,  1913. 
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YEARLY  SALES  OF  SHORT-FLAME  EXPLOSIVES. 

In  the  past  few  years  there  has  been  a  rapid  increase  in  the  use  of 
short -flame  explosives  in  the  coal  mines  of  the  Ignited  States.  The 
following  table  shows  the  quantities  of  such  explosives  sold  durmg 
each  year  from  1901  to  1912,  inclusive: 

Yearly  sales  of  short-fiame  explosives  in  the  United  States,  1901-1912. 


Year. 

Quantity 
sold. 

Year. 

Quantity 
sold. 

1901 

Pounds. 

1907 

Pounds. 
2  095  244 

1902 

11,300 

288,661 

608,270 

1,031,300 

1,533,575 

1908 

2,108,610 

1903     .                  

1909 

8,942,8.^7 
11,820,836 

1904 

1910 

1905 

1911 

13,42.H,239 

1906 

1912 

18, 149, 977 

Unhke  Government  bureaus  in  some  foreign  countries,  the  Bureau 
of  Mmes  has  no  authority  to  compel  the  use  of  certain  explosives  or 
to  prescribe  the  conditions  under  which  they  must  be  used.  Neverthe- 
less, through  the  cooperation  of  State  mine  inspectors,  manufacturers 
of  explosives,  coal  operators,  and  mmers  the  explosives  that  have 
been  tested  by  the  Bureau  of  Mines  and  designated  permissible 
explosives  are  now  used  in  every  coal-mining  State. 


QUANTITY     OF 


PERMISSIBLE      EXPLOSIVES 
DIFFERENT  COAL  FIELDS. 


SOLD     IN     THE 


The  follo\ving  table  shows  how  rapidly  the  use  of  permissible  ex- 
plosives mcreased  in  the  different  coal  fields  m  the  United  vStates 
during  four  years. 

Quantity  of  permissible  explosives  sold  in  different  coal  fields  in  the  United  States, 

1909-1912. 


Coal  fields  and  regions. 


1911 


1.  Pennsylvania  anthracite  field. . 

2.  Northern  Appalachian  region  o 

3.  Southern  Ajipalachian  region. . 

4.  Eastern  interior  licUl 

5.  Western  interior  field 

6.  Rocky  Mountain  region 

7.  Pacific  coast  region 


Pounds. 

894,294 

5,976,625 

1,434,950 

6,955 

254,475 

146,700 

228,858 


Pounds. 

1,486,100 

5,%7,216 

3,188,785 

165,975 

196,560 

808,200 

8,000 


Pounds. 

1,917,412 

6,350,272 

3,377,268 

337,012 

255,050 

1,177,075 

14,150 


"8,942,857 


11,820,836 


13,428,239 


Pounds. 

2, 177, 172 

9,267,149 

3,920,125 

733,940 

439,825 

1,488,789 

122,977 


18,149,977 


o  Not  including  Pennsylvania  anthracite  field. 

b  Includes  344,M0  pounds  of  short-llame  e.xplosives,  the  perraissihllit  y  of  which  had  not  been  determined. 

The  quantity  of  permissible  explosives  used  m  coal  mining  during 
the  past  few  years  no  doubt  replaced  twice  that  weight  of  more  dan- 
gerous explosives. 

At  many  mines  shot  firers  are  employed  when  permissible  explo- 
sives are  used,  and  thus  a  more  intelligent  use  of  the  explosives  is 
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insured.  Furthermore,  a  shot  firer  uses*  less  explosive  for  bringing 
down  coal  than  a  miner  who  loads  and  fires  his  own  shots. 

Although  the  amount  of  permissible  explosives  used  in  this  country 
is  larger  than  m  some  foreign  countries,  it  still  represents  only  a  small 
percentage  of  the  total  amount  of  explosives  used  in  coal  mining. 
Mines  that  are  considered  gaseous  generally  use  permissible  explosives. 
In  some  fields,  if  a  certam  part  of  a  mine,  such  as  the  advance  work- 
ings, is  generating  gas,  or  if  inflammable  coal  dust  is  present  in  quan- 
tities considered  dangerous,  permissible  explosives  are  used  there,  and 
black  blasting  powder  or  dynamite  is  used  in  all  other  parts  of  the 
mine. 

The  introduction  of  permissible  explosives  and  their  successful 
application  to  coal  minmg  have  had  gratifying  results.  Few,  if  any, 
accidents  can  be  directly  attributed  to  the  use  of  permissible  explo- 
sives, in  spite  of  the  fact  that  no  explosive  can  be  considered  entirely 
safe  under  all  mining  conditions.  It  has  been  shown  that  when  per- 
missible explosives  are  used  in  greater  quantities  than  recommended 
by  the  bureau,  or  when  they  are  not  used  in  accordance  with  the 
other  requirements,  there  is  a  possibility  of  a  resultant  fire-damp  or 
coal-dust  explosion.  Moreover,  if  permissible  explosives,  when 
introduced  at  a  coal  mine,  are  placed  in  the  hands  of  miners  who  are 
unfamiliar  with  their  use,  the  results  obtamed  are  liable  to  be  unsatis- 
factory until  the  miners  have  learned  to  use  the  explosives  to  best 
advantage. 

FATALITIES  IN  COAL  MINES. 

The  death  rate  in  the  coal  mines  of  the  United  States  had  shown  an 
increasing  tendency  up  to  the  year  1908.  In  the  spring  of  1909  the 
bureau  issued  its  first  list  of  permissible  explosives,  and  it  is  gratify- 
ing to  note  that  the  increase  in  the  use  of  permissible  explosives  dur- 
ing the  past  four  years  is  coincident  with  a  decrease  of  fatal  accidents 
m  the  coal  mines.  The  folio  whig  table  shows  the  quantity  of  per- 
missible explosives  sold  and  the  number  of  men  killed  in  the  coal 
mmes  of  the  United  States  from  1909  to  1912,  mclusive: 

Quantity  of  permissible  explosives  sold  and  number  of  men  killed  in  coal  mines,  1909-1912. 


Quantity  of 

permissible 

explosives 

sold. 

Number  of  men  killed.* 

Year. 

Per  1,000 
employed. 

Per 

1,000,000 

short  tons 

mined. 

1909 

Poutids. 
6  8,942,857 
11,820,83(; 
13, 428, 239 
18,149,977 

4.00 
3.92 
3.73 
3.15 

5  79 

1910 

5  06 

1911 

6  48 

1912 

4  29 

oHorton,  F.  W.,  Coal-mine  accidents  in  the  United  States,  1896-1912,  with  monthly  statistics  for 
1912:  Technical  Paper  48,  Bureau  of  Mines,  1912,  p.  8. 
b  Includes  344,830  pounds  of  other  short-name  explosives. 
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The  greater  interest  in  niiiie  safety  and  the  better  enforcement  of 
laws  and  reguhitions  by  State  mine  inspectors  have  been  responsible 
to  a  large  extent  for  the  reduction  in  the  death  rate  in  the  coal  mines 
of  this  country,  but  it  is  believed  that  the  use  of  permissible  explosives 
has  been  the  important  factor  in  lessening  the  death  rate  from  gas 
and  coal-ckist  explosions. 

The  use  of  unsafe  explosives  in  coal  mining,  as  well  as  the  im])roper 
use  of  such  explosives,  is  responsible  for  many  of  the  fatal  accidents 
accredited  to  mine  fires,  falls  of  roof  and  coal,  and  other  causes. 
It  is  known  that  when  black  blasting  ])0wder  was  used  mine  fires  were 
a  common  occurrence  in  certain  mines  working  a  high- volatile  coal, 
but  when  black  ])lasting  })owder  was  re])laced  l)y  permissible  explo- 
sives mine  fires  resulting  from  shots  were  eliminated.  Permissible 
explosives  when  properly  used  do  not  damage  the  roof  such  as  is  the 
case  when  black  blasting  powder  is  used;  consequently,  accidents  due 
to  fjiUs  of  roof  are  lessened  by  the  use  of  permissible  explosives. 
The  actual  fall  of  rock  or  coal  may  not  occur  at  the  time  of  firing  the 
charge,  but  hea\y  charges  of  black  blasting  powder  weaken  the  walls 
and  roof  and  start  cracks  that  impair  the  supports  of  the  roof,  and 
considerable  time  may  elapse  after  a  blast  before  the  roof  falls. 
Another  advantage  in  the  use  of  permissible  explosives  is  that  the 
miner  can  set  the  props  supporthig  the  roof  closer  to  the  face  of  the 
workings  than  when  black  blasting  powder  is  used,  and  thus  insure 
better  protection  against  roof  falls. 

APPARATUS   AND    METHODS   FOR  PHYSICAL   TESTS   OF 

EXPLOSIVES. 

The  apparatus  used  and  the  methods  of  testing  explosives  at  the 
Pittsburgh  experiment  station  of  the  Bureau  of  Mines  have  been 
described  in  Bulletin  15,  Investigations  of  Explosives  Used  in  Coal 
Mines.  The  new  test  requirements  for  permissible  explosives  as 
ado])ted  by  the  bureau  and  certain  new  apparatus  recently  devised 
are  described  in  detail  in  this  bulletin. 

The  tests  made  at  the  Pittsburgh  experiment  station  may  be 
briefly  summarized  as  follows : 

PHYSICAL    EXAMINATION. 

Tliis  includes  the  determination  of  the  average  diameter,  length, 
and  weight  of  the  cartridge,  whether  or  not  the  cartridge  has  been 
redipped,  the  apparent  specific  gravity  of  the  cartridge  as  deter- 
mined by  sand,  antl  the  color  and  consistency  of  the  explosive. 

BALLISTIC   PENDULUM. 

This  apparatus  consists  of  two  essential  parts,  a  cannon  in  which 
the  charge  is  fired  and  a  pendulum  which  receives  the  impact  of  the 
products  ot  combustion  and  of  the  stemming.     The  pendulum  is  a 
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12.2-inch  United  States  mortar,  weighing  31,600  pounds,  which  is 
suspended  by  means  of  a  stirrup  from  two  cast-steel  saddles  fitting 
over  a  steel  supporting  beam  that  rests  on  nickel-steel  knife  edges  on 
steel  bearing-plates  supported  by  concrete  piers.  The  swing  of  the 
mortar  when  the  cannon  is  discharged  into  it  is  measured  by  an 
automatic  recording  device  and  is  taken  as  a  measure  of  the  pro- 
pulsive effect  of  the  explosive. 

GAS    AND    DUST    GALLERY. 

This  gallery  consists  of  a  steel  cylinder  100  feet  long  and  6 J  feet  in 
diameter,  into  one  end  of  which  a  cannon,  such  as  is  used  in  the 
ballistic  pendulum  tests,  is  discharged.  The  gallery  may  be  filled 
with  mixtures  of  gas  and  air,  coal  dust  and  air,  or  of  gas,  coal  dust, 
and  air,  and  the  liability  of  the  explosive  fired  in  the  cannon  igniting 
such  mixtures  is  determined  by  test. 

RATE  OF  DETONATION  APPARATUS. 

The  rate  of  detonation  of  an  explosive  is  determined  by  inserting 
cartridges  of  the  explosive  in  a  tube  of  thin  sheet  iron  that  is  sus- 
pended within  a  firing  chamber.  Into  one  end  of  the  file  of  cartridge 
in  the  tube  a  detonator  is  inserted,  and  through  points  in  the  file  a 
predetermined  distance  apart  are  led  the  wires  of  an  electric  circuit. 
By  means  of  an  extremely  accurate  recording  device  (Mettegang's 
recorder)  the  time  required  for  the  passage  of  the  explosion  wave 
through  the  distance  between  the  two  electric  wires  can  be  deter- 
mined to  within  1/4,300,000  second. 

FLAME-TEST    APPARATUS. 

This  apparatus  is  used  to  record  by  photography  the  relative 
lengths  and  durations  of  the  flames  produced  by  explosives,  the  test 
being  based  on  the  belief  that  the  longer  the  flame  and  the  longer 
the  time  it  endures,  the  greater  is  the  chance  that  such  a  flame,  w^hen 
shot  into  the  air  of  a  coal  mine,  will  ignite  inflammable  mixtures  of 
gas  and  air,  coal  dust  and  air,  or  gas,  coal  dust,  and  air.  That  the 
volume,  density,  conductivity,  specific  capacity,  and  temperature  of 
the  flame  are,  like  the  length  and  duration,  important  factors  in 
determining  its  effect  is  recognized,  but  these  must  be  ascertained 
and  their  effects  measured  by  other  means.  Hence  too  great 
emphasis  must  not  be  placed  on  the  value  of  the  length  and  duration 
of  the  flame  of  explosives  as  an  indication  of  their  permissibility,  for 
both  the  length  and  the  duration  of  the  flames  of  certain  nonpermis- 
sible  explosives  are  less  than  those  of  some  of  the  permissible  explo- 
sives, but  the  other  variables,  particularly  the  temperature  of  the 
flame,  are  of  importance  and  must  be  taken  into  account.  Further- 
more, the  particular  manner  in  which  the  air  offers  resistance  to  the 
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flame  ma^^  so  laminate  and  disperse  the  flame  tliat,  in  conjunction 
with  other  causes,  its  height  and  duration  may  be  materially  reduced. 
This  air  resistance  accounts  for  certain  variations  in  tests  of  the  same 
explosive. 

The  flame-test  apparatus  consists  essentially  of  a  cannon,  which  is 
similar  in  all  respects  to  those  used  in  the  ballistic  pendulum  and  the 
gas  and  dust  galler}"  tests,  and  a  camera  with  suitable  accessories  for 
cutting  off  from  a  rapidly  moving  sensitive  film  all  light  rays  except 
those  emitted  by  the  flame  of  the  explosive.  The  length  of  flame  is 
measured  in  milliseconds,  or  thousandths  of  a  second,  and  the 
smallest  time  interval  measurable  by  the  apparatus  is  0.0125  milli- 
seconds. 

EXPLOSION-BY-INFLUENCE    TESTS. 

The  explosion-by-influence  test  determines  the  sensibility  of  an 
explosive  to  the  explosion  wave  produced  by  the  detonation  of  a 
mass  of  the  same  explosive.  In  this  test  two  cartridges  of  the  same 
explosive  are  placed  a  predetermined  distance  apart.  One  cartridge 
is  fired  by  means  of  an  electric  detonator.  If  the  second  cartridge 
is  detonated  by  the  detonation  of  the  first  cartridge,  the  test  is 
repeated  with  the  second  cartridge  farther  away.  If  the  second 
cartridge  is  not  detonated  the  test  is  repeated  ^^^th  the  second  car- 
tridge nearer  the  first.  By  proceeding  in  this  way,  the  minimum  dis- 
tance between  cartridges  at  which  the  first  cartridge  does  not  detonate 
the  second  is  established  within  1  inch. 

IMPACT    MACHINE. 

The  impact  machine  is  used  to  determine  quantitatively  the  sensi- 
tiveness of  explosives  to  explosion  when  they  are  struck  by  a  known 
mass  of  steel  of  known  velocity,  while  the  explosive  being  tested 
rests  on  a  steel  surface.  The  essential  parts  of  the  apparatus  are  a 
case-hardened  steel  anvil  that  can  be  kept  at  a  definite  temperature 
by  means  of  a  water  jacket,  and  a  framework  of  steel  rods,  by  means 
of  which  a  steel  hammer  weighing  2,000  grams  can  be  dropped  from 
a  precisely  determined  height  on  a  charge  of  explosive  on  the  anvil. 

BICHEL   PRESSURE    GAGE. 

The  Bichel  pressure  gage  is  employed  to  determine  the  theoretical 
maximum  pressure  that  an  explosive  would  exert  if  exploded  or  deto- 
nated in  a  space  that  it  fills  completely,  all  the  heat  set  free  by  the 
chemical  reactions  taking  place  being  retained  by  the  products  of 
explosion.  The  apparatus  also  affords  a  means  for  collecting  the 
resulting  gaseous,  liquid,  and  solid  products.  The  essential  features 
of  the  apparatus  are  two  stout,  steel  cylinders  in  which  the  explosive 
is  fired,  and  instruments  by  which  the  pressure  within  the  cj'linder  is 
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recorded.     From  the  pressure  record  the  rate  of  dissipation  of  the 
heat  from  the  explosion  is  ascertained. 

CALORIMETER. 

The  calorimeter  is  designed  to  measure  the  quantity  of  heat  set 
free  by  the  explosion  or  detonation  of  a  known  quantity  of  explosive. 
It  consists  of  a  steel  bomb  in  which  the  explosion  takes  place;  a  vessel 
for  holding  a  known  quantity  of  water  in  which  the  steel  bomb  is 
immersed;  a  wooden  cylinder  which  supports  the  vessel  and  also 
insulates  it;  a  stirring  device  by  which  the  water  in  the  immersion 
vessel  is  stirred  so  that  the  heat  evolved  by  the  explosion  is  uniformly 
distributed  throughout  the  water;  an  extremely  accurate  thermome- 
ter for  measuring  the  rise  of  temperature  of  the  water  following  the 
explosion  of  the  charge  within  the  bomb,  and  scales  for  weighing  the 
parts  of  the  apparatus  and  the  water  used. 

SMALL   LEAD   BLOCK  TEST. 

The  small  lead  block  test  is  intended  to  determine  the  compressive 
effect  exerted  by  a  detonating  explosive  when  exploded  unconiined 
on  the  upper  end  of  a  smaller  cylinder  of  lead.  In  making  the  test, 
a  small  steel  disk  is  placed  on  the  cylinder  to  receive  the  immediate 
impact  of  the  detonation.  The  deformation  of  the  cj-linder  is  taken 
as  a  measure  of  the  disruptive  effect  of  the  explosive. 

TRAUZL    LEAD    BLOCKS. 

The  Trauzl  lead  block  test  is  designed  to  measure  the  comparative 
disruptive  effect  of  explosives  fired  under  moderate  confinement. 
Equal  weights  of  different  explosives  are  confined  in  bore  holes  of 
definite  dimensions  made  in  lead  blocks  of  prescribed  character 
by  means  of  a  fixed  quantity  of  stemming,  and,  when  thus  confined, 
are  exploded  by  means  of  similar  detonators.  The  measure  of  the 
test  is  the  volume  by  which  the  cavity  in  the  block  is  enlarged  by 
pressure  exerted  by  the  explosive. 

Apparatus  other  than  the  gaUery  used  for  testing  the  relative  safety 
of  coal-mmmg  explosives  and  the  methods  of  testing  under  accurately 
controlled  conditions  do  not  simulate  actual  conditions  of  practice, 
but  it  is  generally  recognized  that  such  empirical  tests  have  resulted 
in  the  use  of  safer  explosives  in  coal  mines. 

PHYSICAL  EXAMINATION. 

In  the  physical  examination  of  explosives  the  classification  with 
respect  to  consistence  has  been  elaborated  in  order  to  cover  the 
characteristics  of  some  of  the  recent  explosives  submitted  for  official 
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tests.     All  explosives  are  now  classified  with  regard  to  the  following 
characteristics: 
Consistence : 
Granulation : 
Structure: 
Granular, 
Fibrous. 
Powdered. 
Gelatmous. 
Size: 

Very  fine. 
Fme. 
Coarse. 
Very  coarse. 
Liquidness: 
Very  wet. 
Wet. 
Dry. 

Very  dry. 
Compactness: 
Verv  hard. 
Hard. 
Soft. 

Very  soft. 
Cohesiveness : 
Very  cohesive. 
Moderately  cohesive. 
Shghtly  cohesive. 
Not  cohesive. 

BICHEL  PRESSURE  GAGES. 

The  construction  of  the  ])ressure  gages  has  not  been  altered  since 
they  were  received  at  the  experiment  station,  but  the  method  of 
conducting  tests  has  been  sUghtly  modified.  Formerly,  as  in  the 
tests  described  h\  Bulletm  15,  the  explosive  was  removed  from  its 
original  wra}){)er  and  then  wrapped  hi  an  envelope  of  tin  foil  before 
being  placed  in  the  gage.  Gage  tests  of  all  explosives  reported 
m  this  bulletin  were  made  by  firing  charges  of  explosives  in  their 
original  wraj)j)ers.  It  has  been  found  that  the  paper  WTapper  of 
explosives,  which  represents  a  comparatively  large  percentage  by 
weight  of  the  combustible  material,  is  an  miportant  factor  in  the 
character  of  the  gaseous  prothicts  evolved  when  the  explosives  are 
burned  or  detonated.     The  following  are  the  analyses  of  the  gases 
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produced  by  firing  in  the  gage  equal  charges  of  the  same  explosive 
with  and  without  paper  wrappers: 

Gaseous  products  evolved  on  detonation  of  an  explosive  in  Bichel  pressure  gage. 
[Analyst,  A.  L.  Hyde.] 


Gaseous  products. 


With 

paper 

wrapper. 


Without 

paper 
wrapper. 


Carbon  dioxide . . 
Carbon  monoxide 

Oxygen 

Hydrogen 

Methane 

Nitrogen 


Per  cent. 
27.3 
26.9 

.0 
18.0 

.4 
27.4 


Per  cent. 

51.4 

5.0 

.0 

2.2 

.3 

41.1 


The  analyses  show  that  when  the  explosive  was  fired  in  its  original 
wrapper  there  was  an  increase  in  the  percentage  of  carbon  monoxide 
formed.  Other  tests  made  with  different  kinds  of  explosives 
confirmed  these  results. 


GASEOUS     PRODUCTS     EVOLVED     ON     DETONATION     OF     EXPLOSIVES     IN 

FIELD    TESTS. 

The  results  of  tests  made  in  the  field  uidicate  that  the  gaseous 
products  evolved  on  the  detonation  of  all  coal-mining  explosives, 
together  with  the  gases  produced  by  the  coal  itself,  are  extremely 
poisonous  and  inflammable.  The  analyses  of  mine-au-  samples  col- 
lected after  shots  m  coal  mines  show  that  more  carbon  monoxide  is 
formed  when  explosives  are  fired  under  actual  working  conditions 
than  when  fired  in  the  gage.  Some  of  the  fine  coal  left  iii  the  drill 
hole  is  ignited  and  causes  the  increased  amount  of  carbon  monoxide 
formed. 

It  has  been  generally  conceded  that  the  permissible  explosives  that 
are  deficient  m  oxygen  and  have  passed  all  test  requirements  in 
metal  cannons  would  produce  a  lower  temperature  when  fired  in  a 
drill  hole  in  coal,  for  the  reason  that  any  further  addition  of  carbon 
would  result  in  an  increase  of  carbon  monoxide,  which  would  cause 
a  reduction  of  the  flame  temperature.  But  the  question  has  been 
raised  whether  the  permissible  explosives  havmg  an  excess  of  oxygen 
would  produce  a  higher  temperature  when  fired  in  coal  because  of  the 
possibflity  of  the  excess  of  oxygen  unitmg  with  just  enough  of  the 
coal  to  form  carbon  dioxide.  The  results  of  the  investigation  of  one 
explosive  having  an  oxygen  excess  have  not  borne  out  this  contention. 
On  the  other  hand,  all  indications  pomt  to  the  fact  that  explosives 
of  this  kind  are  equally  safe  when  fired  m  coal.  Analyses  of  the  gases 
produced  from  an  explosive  having  an  oxygen  excess  when  fired  in 
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the  gage  and  also  the  gaseous  products  of  the  same  explosive  when 
fired  under  actual  working  conditions  are  given  in  the  following  table: 

Gaseous  products  evolved  on  detonation  of  an  explosive  in  Bichel  pressure  gage  and  in 

field  tests. 

[Analyst,  v.  L.  Myile.l 


Gaseous  products. 


Carbon  dioxide . . . 
Carbon  monoxide. 

Oxypen 

Hydrogen 

Metliane 

Nitrogen 


Gage  test. 


With 

paper 

wrapper. 


Per  cent. 

30.0 

.0 

2.2 

.0 

.7 

67.1 


Without 

paper 
wrapper. 


Per  cent. 

24.3 

.0 

8.8 

.0 

.4 

(56.5 


Field 
test.o 


With 

paper 

wrapper. 


Percent. 

22.6 

11.4 

.0 

6.8 

.7 

58.5 


a  Computed  on  an  air-free  basis;  the  methane  produced  from  the  coal  wsvs  subtracted  to  make  the  methane 
percentage  correspond  to  lliat  in  the  gases  from  samples  tested  in  tlie  gage. 

The  anah'sis  of  the  gases  produced  in  field  test  shows  a  decrease 
in  carbon  dioxide  and  tlie  production  of  a  considerable  amount  of 
carbon  monoxide.  The  field  samples  also  show  tlie  presence  of  6.8 
per  cent  of  hydrogen.  On  the  assumption  that  this  liydrogen  was 
produced  at  tlie  expense  of  some  of  the  water  in  the  products  of 
combustion,  the  formation  of  less  water  and  more  hydrogen  neces- 
sarily being  accompanied  by  a  smaller  evolution  of  heat,  its  presence 
is  further  evidence  of  the  reduction  of  flame  temperature  under 
actual  working  conditions.  This  reduction  of  temperature  would 
offset  any  increase  in  the  length  of  duration  of  the  flame  caused  by 
the  coal  entermg  into  the  explosive  reaction. 

NEW   REQUIREMENT    WITH    RESPECT   TO    THE    KIND    AND    QUANTITY    OF 
GASES    EVOLVED    ON    DETONATION    OF    PERMISSIBLE    EXPLOSIVES. 

A  list  of  permissible  explosives  issued  by  the  bureau  January  1, 
1911,  contained  the  names  of  a  few  explosives  that  on  detonation  in 
the  Bichel  gage  developed  large  quantities  of  carbon  monoxide. 
In  tests  of  these  explosives  in  coal  mines  it  was  found  that  when  the 
usual  charge  was  fired  in  rooms  no  appreciable  amount  of  carbon 
monoxide  was  detected  m  samples  of  the  mine  air  taken  at  the  face 
immediately  after  the  shot.  However,  Avhen  tests  were  made  in 
narrow  entries  in  coal  mines,  ahead  of  the  ak,  all  inme-air  samples 
taken  unmediately  after  firmg  charges  of  680  grams  (1^  pounds) 
showed  the  presence  of  carbon  monoxide,  and  one  sample  contained 
as  much  as  0.11  per  cent  of  the  gas. 

Other  permissible  explosives  that  on  detonation  hi  the  gage  evolved 
less  carbon  monoxide  were  tested  m  coal  mines.     These  explosives 
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did  not  appreciably  vitiate  the  mine  air  in  rooms  or  in  narrow  entries 
even  when  there  was  no  circulation  of  air  near  the  face.  The  highest 
percentage  of  carbon  monoxide  found  in  any  of  these  mine-air  sam.ples 
taken  immediately  after  the  shot  was  0.02. 

It  has  been  found,  too,  that  all  explosives  which  on  detonation 
evolve  158  liters  (5^  cubic  feet)  or  more  of  permanent  poisonous 
gases  from  a  680-gTam  (l^-pound)  charge  as  determined  by  gage 
tests,  when  used  in  680-gram  (H-pound)  quantities  in  narrow  entries 
in  coal  mines,  ahead  of  the  air,  may  for  several  minutes  after  a  shot 
so  vitiate  the  air  near  a  face  as  to  make  it  harmful.  Of  course,  the 
conditions  mentioned  are  unfavorable  to  any  explosive  and  are 
abnormal  in  that  there  is  no  circulation  of  air  near  the  face.  How- 
ever, as  sucli  conditions  actually  exist  in  some  coal  mines,  all  explo- 
sives that  produce  5^  cubic  feet  (158  liters)  or  more  of  poisonous  gases 
from  a  1^-pound  charge  have  been  eliminated  from  the  permissible  list. 

BALLISTIC  PENDULUM. 

Observations  and  tests  in  the  field  have  shown  that  the  ballistic 
pendulum  and  pressure  gages  measure  the  propulsive  effect  which 
approximately  corresponds  to  the  heaving  or  pusliing  force  of  explo- 
sives more  nearly  than  any  of  the  other  apparatus  used  in  testing  ex- 
plosives at  the  Pittsburgh  experiment  station.  The  tests  with  small 
lead  block,  the  Trauzl  lead  block,  and  the  rate-of-detonation  apparatus 
measure  approximately  the  disruptive  (shattering)  effect  of  explo- 
sives. It  has  been  impossible  to  devise  a  single  piece  of  apparatus 
for  measuring  both  the  propulsive  and  disruptive  effects  of  explosives, 
and  it  is  questionable  if  the  combined  effects  determined  by  a  single 
apparatus  and  expressed  as  the  total  energy  of  an  explosive  would  be 
of  any  practical  value.  The  useful  work  explosives  can  do  depends 
on  the  material  to  be  blasted  and  the  method  of  appUcation,  etc. 
On  account  of  varying  conditions,  certain  characteristics  of  an  ex- 
plosive may  be  of  more  importance  in  some  kinds  of  blasting  than 
in  others.  Evidently  if  each  of  the  fundamental  characteristics  of 
explosives  was  expressed  in  comparative  figures  the  information 
would  be  a  useful  guide  in  selecting  an  explosive  for  a  particular 
work.  For  this  reason  comparative  figures  are  given  for  all  tests 
of  explosives  reported  in  this  bulletin. 

NEW    REQUIREMENTS     WITH    RESPECT    TO    THE     EFFICIENCY    OF    PER- 
MISSIBLE   EXPLOSIVES. 

During  the  past  two  years  several  permissible  explosives  have 
been  withdrawn  from  the  market  by  their  manufacturers.  All 
explosives  that  are  no  longer  being  manufactured,  as  well  as  those 
that  have  shown  unfavorable  results  in  field  tests,  have  been  elimi- 
nated from  the  hst. 
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In  the  ballistic-pendulum  test  for  determining  the  propulsive 
effect  of  an  explosive  tlie  standard  deflection  of  the  pendulum  is 
that  produced  by  one-half  pound  (227  grams)  of  40  per  cent  nitro- 
ghxerin  dynamite.  Some  explosives  do  not  produce  an  equal 
deflection  unless  they  are  used  m  charges  of  1  pound  (454  grams)  or 
more,  and  it  has  been  found  that  these  explosives  must  be  used  in 
charges  of  more  than  1^  pounds  in  order  to  satisfactorily  break 
doAvn  coal.  It  is  believed  that  in  gaseous  or  dust}-  coal  mines  no 
explosive  can  be  used  safely  in  quantities  greater  than  1^  pounds 
per  shot.  Consequently  all  explosives  that  under  normal  condi- 
tions of  mining  can  not  be  satisfactorily  used  in  charges  of  1^  pounds 
or  less  have  been  elimmated  from  the  permissible  list. 

CALORIMETER. 

In  tests  to  determme  the  quantity  of  heat  set  free  all  explosives 
are  now  fired  in  their  original  wrappers.  By  detcrmming  the  quan- 
tity of  heat  evolved  in  the  calorimeter,  the  potential  energy  of 
explosives  can  be  computed.  The  potential  energy  thus  obtained 
represents  the  maximiun  work  an  explosive  can  theoretically  accom- 
plish, but  as  the  useful  work  resulting  from  the  use  of  explosives  is 
a  small  percentage  of  the  maximum,  and  varies  considerably  with 
the  different  classes  of  explosives,  knowledge  of  the  potential  energy 
of  explosives  is  of  little  value  in  selecting  a  suitable  explosive. 

Knowledge  of  the  quantity  of  heat  evolved  on  explosion  is  useful 
in  determming  the  temperature  of  explosion,  but  too  great  an 
emphasis  must  not  be  placed  on  flame  temperature  alone  as  a  measure 
of  the  permissibility  of  an  explosive  for  use  in  coal  mines.  One 
explosive  may  develop  a  lower  temperature  on  explosion  than 
another,  yet  the  duration  of  the  flame  may  be  such  as  to  render  the 
explosive  of  lower  flame  temperature  unsuitable  for  use  in  coal  mines. 

A  drill  hole  in  coal  or  rock  when  filled  with  a  charge  of  explosive 
is  practically  free  of  air;  therefore  these  conditions  must  neces- 
sarily be  simulated  in  experimental  tests.  In  the  calorimeter  the  air 
is  almost  entirely  removed  when  explosives  are  tested.  Explosives 
sometimes  detonate  incompletely  and  evolve  oxides  of  nitrogen.  It 
is  generally  recognized  that  a  vacuum  prevents  the  explosion  of 
powder,  and  that  high  explosives  are  more  likely  to  detonate  incom- 
pletely when  fired  in  a  vacuum,  especially  when  the  charging  density 
is  low.  It  was  therefore  sometimes  necessary  to  make  several  calori- 
meter tests  in  order  to  obtain  satisfactory  results.  Aji  incomplete 
det<5nation  or  the  evolution  of  oxides  of  nitrogen  in  a  calorimeter  test 
should  not  be  uiterpreted  as  an  unfavorable  result,  for  the  reason 
that  in  practice  explosives  are  never  fired  in  a  vacuum. 
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GAS  AND  DUST  GALLERY  NO.   1. 

The  position  of  the  cannon  in  the  gas  and  dust  gallery  No.  1  has 
been  changed  (see  PI.  I,  A).  Formerly  the  cannon  was  embedded 
in  the  concrete  head  of  the  gallery  and  the  replacement  of  worn-out 
cannons  was  difficult  and  expensive.  That  end  of  the  gallery  which 
was  embedded  in  a  concrete  head  is  now  closed  by  a  steel  head 
having  in  the  center  a  hole  12  inches  in  diameter.  The  cannon  is 
mounted  on  a  4-wheel  truck  which  runs  on  a  30-inch  (76.2-centimeter) 
gage  track,  and  is  placed  so  that  the  axis  of  its  bore  hole  coincides 
with  the  longitudinal  axis  of  the  gallery.  After  the  cannon  is  loaded 
it  is  rolled  against  the  steel  head  and  a  close  fit  is  made  by  means  of 
a  rubber  gasket.  A  concrete  arch  surrounds  the  cannon  to  prevent 
pieces  of  metal  from  flying  in  the  event  of  the  cannon  bursting.  Behind 
the  truck  and  19  feet  from  the  head  of  the  gallery  is  a  concrete  barri- 
cade. The  mouth  of  the  cannon  is  in  the  same  relative  position  as 
when  the  cannon  was  embedded  in  the  concrete  head.  The  change 
made  does  not  affect  the  tests,  while,  on  the  other  hand,  a  worn-out 
cannon  can  be  easily  replaced.  It  has  been  found  that  all  explosives 
which  pass  official  tests  1,  3,  and  4  always  pass  tests  2  and  5.  In 
view  of  this  fact  tests  2  and  5  have  been  discontmued  as  they  were 
not  considered  discriminative. 

CONSTRUCTION   OF   CANNON. 

The  principal  expense  involved  in  tiesting  explosives  is  the  cost  of 
the  cannon  used.  Various  materials  and  methods  of  construction 
have  been  tried  in  an  endeavor  to  obtain  cannap.  which  would  best 
resist  the  shattering  effects  of  the  explosive.  Black  blasting  powder 
and  other  slow-burning  explosives  have  little  effect  on  a  cannon, 
but  detonating  explosives  invariably  disrupt  it  after  a  certain  num- 
ber of  shots.  Six  thousand  four  hundred  and  eighty-six  shots  were 
fired  in  the  first  46  cannons  used  at  the  Pittsburgh  experiment  sta- 
tion, or  an  average  of  141  shots  per  cannon.  Of  these  cannon  12  were 
relined  with  forged  steel  Imers  varying  in  diameter  from  5  to  6  inches, 
so  that  the  average  number  of  shots  per  liner  was  112.  With  the 
type  of  cannon  now  used  it  is  possible  to  use  two  and  sometimes 
three  extra  liners  with  each  cannon,  thus  increasing  the  number  of 
shots  that  can  be  fired  in  each  cannon  and  materially  reducing  the 
expense.  The  first  cannons  used  at  the  testing  station  were  of  the 
built-up  type,  the  jacket  being  of  cast  low-carbon  steel  and  the  liner 
of  forged  nickel  steel.  Later  solid  steel  forgings  having  the  same 
length  and  diameter  as  the  built-up  cannons  were  tried.  Different 
requirements  covering  the  composition  and  physical  properties  of  the 
materials  were  specified  in  the  purchase  of  the  solid  forgijigs.     These 
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forgiiigs  made  with  varyuig  amounts  of  carbon  and  nickel  were 
tried,  and  one  cannon  was  made  containing  0.20  per  cent  of  vanadium. 
The  solid  steel  forgings  proved  less  resistant  than  the  built-up  can- 
nons, and  hence  the  use  of  such  forgings  was  discontinued.  A  wire- 
wound  caimon  designed  by  the  Ordnance  Department  of  the  United 
States  ^\j-my  and  manufactured  at  Watervliet  .Arsenal  burst  after  a 
few  limit-charge  tests.  The  jacket  of  the  built-up  cannons  now  used 
is  a  casting  of  soft  steel  thoroughly  annealed.  The  liner  is  a  soft 
low-carbon  steel  forgmg  which  elongates  when  explosives  are  fired 
within  it.  Hence  the  jacket  is  not  subjected  to  the  strain  it  would 
receive  if  elongation  did  not  take  place. 

NONMETALLIC    LINERS. 

Several  tests  have  been  made  with  small  nonmetallic  liners  in  an 
endeavor  to  prevent  the  breaking  of  liners  and  jackets  by  explosions. 
Portland  cement,  plaster  of  Paris,  and  cement  liners  containing 
crushed  coal  were  tried,  but  it  was  found  that,  although  the  life  of  a 
camion  might  possibly  be  prolonged,  the  Imers  were  pulverized,  and 
the  pulverized  material  projected  into  the  gallery  had  a  tendency 
to  reduce  the  temperature  of  the  gaseous  products  of  explosion.  Con- 
sequently, the  use  of  such  liners  was  not  deemed  desirable  in  deter- 
mining the  permissibility  of  explosives.  In  several  instances  non- 
permissible  explosives  passed  one  or  more  of  the  gas  and  dust  gallery 
tests  when  nonmetallic  liners  were  used,  but  failed  imder  the  regular 
conditions  of  testing. 

ADOBE  SHOTS  IN  COAL  MINES. 

Results  of  tests  made  in  the  gallery  indicate  that  no  explosive 
is  safe  for  ''adobe  shots "°  in  breaking  up  large  pieces  of  rock  or 
coal  or  in  breaking  down  stoppings  in  coal  mines  where  either  gas  or 
dry  inflammable  dust  is  present  in  quantities  or  under  conditions 
that  indicate  danger.  Black  blasting  powder,  even  when  covered 
with  large  quantities  of  clay,  can  not  be  safely  or  effectively  used 
for  this  work.  Ordinary  dynamites  are  equally  unsafe,  even  when 
put  in  a  bucket  of  water  placed  on  the  material  to  be  broken  they 
give  sufficient  flame  to  cause  the  explosion  of  an  inflammable  mixture 
of  gas  and  air.  Permissible  explosives  have  been  found  to  be  safer 
than  black  blasting  powder  or  ordinary  dynamite  for  use  in  "adobe 
shots,"  but  the  charges  used  must  be  small  and  must  be  well  covered 
with  moist  clay.  However,  all  permissible  explosives,  when  fired 
under  these  conditions  in  the  presence  of  a  mixture  of  gas  and  air 
containing  8  per  cent  of  gas  (methane)  are  likely  to  cause  ignition 
and  consequently  "adobe  shots"  should  never  be  fired  in  the  pres- 

o  For  an  "adobe  shot "  the  explosive  is  placed  on  the  thing  to  be  broken.    This  method  of  using  an 
explosive  is  also  called  "  bulldozing." 
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ence  of  fire  damp.  In  emergencies,  such  as  in  fighting  mine  fires  or 
in  recovery  work  when  "adobe  shots"  are  absohitely  necessary,  the 
working  place  should  be  carefully  tested  for  gas  before  firing.  The 
charge  used  should  not  exceed  1^  pounds  and  it  should  be  well  cov- 
ered with  moist  clay. 

MAXIMUM    CHARGE    PERMISSIBLE    FOR    USE    IN    COAL    MINES. 

The  underlying  reasons  why  one  explosive  passes  and  another  fails 
when  tested  in  the  presence  of  inflammable  gas  and  dust  have  been 
investigated  at  the  Pittsburgh  experiment  station. 

The  results  of  tests  indicate  that  any  explosive  fired  in  large  quan- 
tities will  cause  ignition  of  mflammable  gas  and  coal  dust  mix- 
tures. An  arbitrary  charge,  namely,  H  pounds,  has  been  established 
as  the  maximum  amount  of  explosive  to  be  used  in  making  tests,  and 
all  explosives  in  order  to  be  placed  on  the  permissible  list  must  pass 
the  gas  and  dust  test  with  this  charge.  A  charge  of  1^  pounds  of 
explosive  per  drill  hole  should  never  be  exceeded  in  practice;  m  good 
mining  practice  the  charge  need  not  exceed  1  pound,  an  amount 
which  gives  a  greater  factor  of  safety. 

Explosives  of  many  different  compositions  are  now  on  the  permis- 
sible list,  but  every  one  is  designed  to  give  on  detonation  a  relativelv 
low  flame  temperature  and  a  flame  of  short  duration.  To  ignite 
inflammable  gas  and  coal  dust  mixtures  a  certain  temperature,  acting 
through  a  certain  length  of  time,  is  required.  The  flame  temperature 
of  all  explosives  exceeds  the  ignition  temperature  of  inflammable  gas 
and  dust  mixtures,  but  fortunately  the  flame  of  a  permissible  explo- 
sive properly  detonated  is  of  such  short  duration  that  under  the  con- 
ditions of  blasting  down  coal  it  does  not  ignite  the  inflammable 
mixtures.  Manifestly,  any  factor  that  increases  the  duration  of  the 
flame  temperature  of  a  permissible  explosive  increases  the  danger 
in  the  use  of  that  explosive.  Such  danger  is  present  when  an  im- 
proper detonator  is  used  or  when  any  explosive  is  not  used  in  accord- 
ance with  the  provisions  prescribed  by  the  Bureau  of  Mines. 

NEW  TESTING  APPARATUS. 
PENDULUM    FRICTION    MACHINE. 

A  new  test,  the  sensitiveness  of  explosives  to  frictional  impact 
(a  glancing  blow)  has  been  adopted  by  the  Bureau  of  Mines.  The 
apparatus  used  (see  PI.  I,  B,  and  fig.  1)  comprises  a  steel  anvil  and  a 
swinging  steel  shoe.  The  anvil  has  a  smooth  face,  3|  inches  wide  by  12 
inches  long,  in  the  middle  of  which  are  three  grooves  for  holding  the 
charge  of  explosive.  The  radius  of  swing  of  the  shoe  is  6  feet  6|  inches 
and  the  radius  of  curvature  of  its  face  is  10^  inches.  The  shoe  can 
be  faced  with  hardwood  fiber  or  other  material,  and  may  be  dropped 
from  heights  of  19.7  to  78.7  inches  {h  to  2  meters).     Weights  of  2.2 
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to  44  pounds  (1  to  20  kg. )  are  used  in  the  tests.     Details  of  the  machine 
are  shown  in  figure  1. 

Tlie  test  was  devised  to  represent  what  may  happen  in  mining 
when  a  cartridge  of  explosive  becomes  lodged  in  a  (hill  hole  and 


must  be  forced  home  by  ramming.  Some  explosives  have  been 
found  to  be  extremely  sensitive  to  the  frictional-impact  test  even 
when  the  shoe  is  faced  with  wood  fiber.  Consequently  great  care 
should  be  exercised  Avith  aU  explosives  in  charging  drill  holes. 
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LARGE    IMPACT    MACHINE. 

A  new  and  much  larger  impact  machine  (fig.  2)  constructed  some- 
what on  the  same  principle  as  the  small  impact  machine  already 
mentioned  was  recenth"  installed  at  the  Pittsburgh  testing  station. 
Like  the  small  machine  it  is  designed  to  determine  the  sensitiveness 
of  explosives  to  explosion  by  direct  impact.  The  faUing  weight 
used  in  the  test  is  200  kilograms  (441  pounds);  the  maximum  height 
from  which  the  hammer  can  be  dropped  is  7.5  meters  (24.6  feet) ; 
the  charge  of  explosive  used,  20  grams  (309  grains),  is  placed  on 
the  anvil  in  the  form  of  a  flat  disk  10  centimeters  (3.94  inches)  in 
diameter.  The  face  of  the  anvil  and  the  face  of  the  plunger  are 
12.7  centimeters  (5  inches)  in  diameter.  Tests  are  conducted  in 
the  same  way  as  with  the  small  impact  machine.  The  advantage 
of  the  large  machine  is  that  it  permits  the  use  of  larger  charges  of 
explosives,  thus  minimizing  the  variables,  such  as  the  physical 
constitution  of  the  explosive,  that  affect  the  results  obtained  with 
the  small  machine ;  the  charge  being  larger  more  nearly  represents 
the  explosive,  and  the  irregularities  with  respect  to  the  composition 
and  size  of  the  ingredients  of  an  explosive  are  minimized.  Another 
advantage  is  that  in  the  tests  there  is  usually  a  sharp  report  or  no 
explosion,  whereas  with  an  impact  machine  using  a  small  quantit}^ 
of  explosive  it  is  difficult  sometimes  to  determine  whether  an  explo- 
sive detonates  completely  or  partly,  or  merely  ignites.  The  greatest 
advantage  of  the  large  machme  is  that  tests  can  be  made  with 
explosives  when  confined  between  two  disks,  9.8  cm.  in  diameter, 
fitted  into  a  piece  of  Shelby  steel  tubing  the  height  of  which  is  equal 
to  the  total  thickness  of  the  two  disks.  From  comparative  tests 
with  large  and  small  machines  it  is  believed  that  the  results  obtained 
with  the  large  mipact  machine  when  the  explosives  are  confined 
more  nearly  represent  the  relative  sensitiveness  of  explosives  to 
dii'ect  impact. 

CLASSES   OF  PERMISSIBLE  EXPLOSIVES. 

In  order  that  the  users  of  explosives  may  know  the  nature  and 
characteristic  component  of  each  of  the  permissible  explosives,  and 
as  an  aid  in  the  selection  of  an  explosive  to  meet  a  specific  require- 
ment, the  permissible  explosives  have  been  arranged  in  four  classes. 
In  classifying  the  permissible  explosives,  both  the  composition  of 
the  explosive  and  the  behavior  of  the  characteristic  component 
material  when  stored  or  used  were  considered. 

The  four  classes  and  the  general  characteristics  of  the  permissible 
explosives  are  as  foUows: 

Class  1,  ammonium  nitrate  explosives. — To  class  1  belong  all  the 
explosives  in  which  the  characteristic  material  is  ammonium  nitrate. 
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Figure  2.— Elevation  and  details  of  large  impact  machine. 
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The  class  is  divided  into  two  subclasses.  Subclass  a  includes  every 
ammonium  nitrate  explosive  that  contains  a  sensitizer  that  is  itself 
an  explosive.  Subclass  &  includes  every  ammonium  nitrate  explosive 
that  contains  a  sensitizer  that  is  not  in  itself  an  explosive.  The 
ammonium  nitrate  explosives  of  subclass  a  consist  principally  of 
ammonium  nitrate  with  small  percentages  of  nitroglycerin,  nitrocel- 
lulose, or  nitrosubstitution  compounds  which  are  used  as  sensitizers. 
The  ammonium  nitrate  explosives  of  subclass  h  consist  principally  of 
ammonium  nitrate  with  small  percentages  of  resinous  matter  or 
other  nonexplosive  substances  used  as  sensitizers. 

All  of  the  ammonium  nitrate  explosives  readily  absorb  moisture 
from  the  atmosphere,  and  great  care  should  be  taken  in  storing  them 
or  in  using  them  m  damp  places.  They  are  not  suitable  for  use  in 
wet  mines.  If  in  such  a  mine  a  cartridge  of  an  ammonium  nitrate 
explosive  is  opened  and  its  contents  exposed  for  only  a  few  hours  to 
the  damp  atmosphere  the  explosive  may  deteriorate  and  later  fail 
to  detonate  completely.  The  ammonium  nitrate  explosives  when 
stored  in  well-ventilated  magazines  for  only  a  few  months  have  shown 
signs  of  deterioration,  and  nearly  all  explosives  of  this  class  after  six 
months'  storage  at  the  Pittsburgh  experiment  station  have  either 
failed  to  detonate  or  have  detonated  incompletely.  For  this  reason 
ammonium  nitrate  explosives  should  be  obtained  in  a  fresh  condition 
and  should  be  used  as  soon  as  possible  after  their  receipt.  Wlien 
fresh,  these  explosives,  if  properly  detonated,  have  the  advantage  of 
producing  only  small  quantities  of  poisonous  and  inflammable  gases, 
and  are  adapted  for  mines  that  are  not  unusually  wet,  and  also  for 
mines  and  working  places  that  are  not  well  ventilated. 

Class  2,  hydrated  explosives. — To  class  2  belong  all  explosives  in 
which  salts  containing  water  of  crystallization  are  the  characteristic 
materials.  The  explosives  of  this  class  are  somewhat  similar  in  com- 
position to  the  ordinary  low-grade  dynamites,  except  that  one  or  more 
salts  containing  water  of  crystallization  are  added  to  reduce  the  flame 
temperature.  They  are  easily  detonated,  produce  only  small  quanti- 
ties of  poisonous  gases,  and  most  of  them  can  be  used  successfully  in 
damp  working  places. 

Class  3,  organic  nitrate  explosives. — To  class  3  belong  all  the  explo- 
sives in  which  the  characteristic  material  is  an  organic  nitrate  other 
than  nitroglycerin.  The  permissible  explosives  listed  under  class  3 
are  nitrostarch  explosives.  They  produce  small  quantities  of 
poisonous  gases  on  detonation. 

Class  4>  nitroglycerin  explosives. — To  class  4  belong  all  the  ex- 
plosives in  which  the  characteristic  material  is  nitroglycerin.  These 
explosives  contain  free  water  or  an  excess  of  carbon,  which  is  added  to 
reduce  the  flame  temperature.  A  few  explosives  of  this  class  contain 
salts  that  reduce  the  strengtli  and  shattering  effect  of  the  explosives 
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on  detonation.  Nitroglycerin  explosives  have  the  advantages  of 
detonatmg  easily  and  of  not  being  readily  affected  by  moisture.  On 
detonation  some  of  tliem  produce  as  large  quantities  of  poisonous  and 
inflammable  gases  as  black  blasting  powder,  and  for  this  reason  they 
should  not  be  used  in  mines  or  working  places  that  are  not  well 
ventilateil. 

RATE  OF  DETONATION  OF  PERMISSIBLE  EXPLOSIVES. 

The  energy  developed  by  the  detonation  of  permissible  explosives, 
like  that  of  other  high  explosives,  depends  on  the  change  of  the 
small  sohd  antl  hquid  particles  of  the  explosive  into  large  volumes 
of  highh''  heated  gases  and  on  the  rate  of  detonation  or  the  rapidity 
%\dth  which  these  gases  are  formed.  The  force  exerted  by  these 
gases  is  the  means  of  prockicing  useful  eft'ects.  The  rate  of  detona- 
tion is  the  governing  factor  in  judging  the  efficiency  of  an  explosive 
and  it  offers  the  best  single  means  for  selecting  explosives  suitable  to 
meet  the  varying  conditions  of  coal  mining. 

During  the  conversion  of  an  explosive  into  solid,  Hquid,  and 
gaseous  products  the  coohng  effect  of  the  walls  of  tlie  drill  hole  tends 
to  lower  the  temperature  of  the  gases  so  that  the  maxmium  theoretical 
temperature,  or  pressure,  is  never  reached.  The  more  nearly  instan- 
taneous the  explosive  reaction,  all  other  conditions  being  equal,  the 
greater  the  volume  of  highly  heated  gases  produced,  and  the  more 
violent  the  effect. 

To  meet  the  var3'ing  conditions  of  coal  minhig  in  this  country 
the  explosives  manufacturers  have  devised  explosives  with  rates 
of  detonation  that  range  from  4,750  to  14,560  feet  (1,447  to  4,439 
meters)  per  second. 

SUGGESTIONS   USEFUL   IN   SELECTING  EXPLOSIVES. 

It  is  hoped  that  with  few  exceptions  the  classification  given  \\-ill 
serve  as  a  useful  guide  for  comparing  the  practical  value  of  permis- 
sible explosives.  However,  in  order  to  select  the  most  suitable,  users 
of  these  explosives  should  conduct  a  series  of  experiments  in  the 
mine.  The  information  given  herein  should  eliminate  the  necessity 
of  testing  many  different  classes  anil  brands  of  explosives. 

It  is  evident  that  for  certam  work  in  which  a  shattering  effect  is 
desired,  as  in  driving  through  or  "brushing"  rock,  or  in  producing 
coal  for  coking  purposes,  the  explosive  reaction  should  be  rapid. 
Hence,  permissible  explosives  having  a  high  rate  of  detonation 
should  be  selected.  Similarly,  for  use  in  soft  friable  coal  to  pro- 
duce lump  or  steam  coal,  selection  sliould  be  made  of  a  permissible 
explosive  that  detonates  slowly  and  hence  gives  a  more  prolonged 
pressure.  In  medium  hard  coal  an  explosive  having  an  intermediate 
rate  of  detonation  would  be  expected  to  be  most  suitable,  but  is  not 
always  so.     Coals  vary  in  hardness  and  coal  beds  vary  in  the  number 
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and  position  of  the  joints,  partings,  shale  bands,  etc.  These  facts 
have  to  be  considered  in  mining. 

An  explosive  havuig  a  very  low  rate  of  detonation  is  not  always 
best  suited  for  mining  soft  friable  coal,  because  some  of  its  energy  may 
be  lost  by  its  gases  escaping  through  cracks  and  fractures  in  the  bed. 
Under  such  conditions  an  explosive  having  an  mtermediate  rate 
produces  the  most  economical  results. 

Another  factor  to  be  considered  in  connection  with,  an  explosive 
having  a  high  rate  of  detonation  or  the  use  of  a  large  charge  of  any 
explosive  is  the  possible  effect  on  the  roof,  or  the  strata  overlying 
the  coal  bed.  Large  charges  of  explosives  havhig  a  ver\^  high  rate 
of  detonation  cause  small  fissures  that  may  later  necessitate  extra 
timbering  to  prevent  falls  m  rooms  or  entries,  and  thus  make  the  opera- 
tion of  a  mine  more  costly. 

It  is  well  known  that  the  pressure  developed  by  the  detonation 
of  explosives  in  a  closed  space  is  directly  proportional  to  the  charging 
density;  in  other  words,  a  If -inch  drill  hole  loaded  Avith  IJ-mch 
cartridges  will  produce  on  the  walls  of  the  drill  hole  about  one-half 
as  much  pressure  per  square  inch  as  it  would  if  loaded  with  cartridges 
of  If -inch  diameter.  A  limited  experience  indicates  that  explosives 
having  a  rapid  rate  of  detonation  wall  yield  a  larger  proportion  of 
lump  coal  if  used  in  a  hole  of  larger  diameter  than  the  cartridge. 
Such  air  spacing  to  reduce  the  shattering  effect  of  an  explosive  is 
recommended  by  the  Bureau  of  Klines,  pro\dded  the  charge  is  confined 
with  moist  clay  stemming  tamped  to  the  mouth  of  the  drill  hole. 

Other  less  desirable  means  of  reducing  the  shattering  effect  of  an 
explosive  are  the  use  of  an  improper  detonator,  reducmg  the  amount 
of  stemming,  using  an  explosive  that  is  frozen  or  partly  frozen, 
using  an  explosive  in  cartridges  of  less  diameter  than  those  origmally 
tested,  and  introducing  foreign  substances  between  the  cartridges  of 
an  explosive;  but  these  methods  are  all  dangerous.  They  not  only 
eHminate  the  safety  quahties  of  the  explosive  but  increase  the  chance 
of  a  resultant  dust  or  gas  explosion,  and  should  not  be  adopted. 

RESULTS  OF  TESTS  WITH  DETONATORS  AND  ELECTRIC  DETO- 
NATORS. 

Permissible  explosives  are  detonated  by  means  of  detonators  or 
electric  detonators,  wliich  are  graded  by  number  according  to  the 
weight  of  fulminating  charge.  Different  types  of  explosives  require 
detonators  of  different  strength.  Detonators  are  usually  fu^ed  with 
fuse.  A  detonator  fitted  with  a  means  of  firing  it  \vith  an  electric 
current  is  called  an  electric  detonator.  As  an  electric  detonator  is 
embedded  in  the  explosives  with  which  it  is  used  and  is  isolated  by 
the  stemming,  it  is  the  safest  means  of  igniting  a  charge  of  explosive 
in  a  gaseous  mine. 
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One  of  the  conditions  prescribed  by  the  Bureau  of  Mines  for  a 
permissible  explosive  is  that  it  shall  be  fired  by  a  detonator,  preferably 
an  electric  detonator  having  a  charge  equivalent  to  that  of  the 
standard  detonator  used  at  the  Pittsburgh  experiment  station.  It 
is  further  requiretl  that  tliis  charge  shall  consist  by  weight  of  90  parts 
of  mercury  fulminate  and  10  parts  of  potassium  chlorate  (or  their 
equivalents). 

An  investigation  undertaken  by  the  Bureau  of  Klines  shows  that 
the  average  percentage  of  failures  of  explosives  to  detonate  is  increased 
over  20  per  cent  when  the  lower  grades  of  electric  detonators  were 
used  instead  of  No.  6  electric  detonators,  and  over  50  per  cent  when 
compared  with  No.  8  electric  detonators.'*  However,  when  sensitive 
explosives  were  tested  under  the  conditions  most  favorable  to  detona- 
tion, the  same  energ}'-  was  developed  irrespective  of  the  detonator 
used.  Wlien  tests  were  made  ydih  insensitive  explosives  under 
conditions  which  similate  their  use  in  blasting,  the  energy  increased 
with  the  grade  of  the  detonator  used.  For  example,  the  average 
explosive  efficiency  of  four  different  explosives  was  increased  10.4 
per  cent  by  using  a  No.  6  electric  detonator  instead  of  a  No.  4  electric 
detonator,  and  14.9  per  cent  by  usmg  a  No.  8  electric  detonator. 
The  tests  emphasize  the  importance  of  using  explosives  in  a  fresh 
condition,  and,  since  this  is  not  always  possible,  the  importance  of 
strong  detonators  in  blasting  to  offset  any  deterioration  of  the 
explosive  tlirough  ageing. 

The  results  substantiate  these  conclusions:  (1)  That  the  explosive 
efficiency  of  the  detonators  made  by  any  one  manufacturer  mcreases 
with  the  grade;  (2)  that  No.  6  electric  detonators  of  four  different 
makes  have  practically  the  same  explosive  efficiency;  and  (3)  each  is 
considered  equivalent  to  the  Pittsburgh  experiment  station  standard 
No.  6  electric  detonator  for  use  with  permissible  explosives  in  coal 
mines  when  the  No.  6  grade  is  prescribed. 

RESTTLTS   OF  TESTS   OF  PERMISSIBLE  EXPLOSIVES. 

iETNA  COAL  POWDER  AA. 

Explosive,  ^tna  coal  powder  AA. 

Class  la,  aninionium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  iEtna  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  R  inches. 

Average  weight,  2fil  grams. 

Cartridge  had  not  been  redippcd. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.04. 

Color  of  explosive,  drab. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 

a  Hall,  Clarence,  and  Howell,  S.  P.,  Investigations  of  detonators  and  electric  detonators:  Bull.  59, 
Bureau  of  Mines,  1913,  p.  73. 


RESULTS   OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum : 

Date,  September  28,  1909. 

Unit  swing  on  this  date,  2.65  inches. 

Weight  of  charge,  in  grams,  230,     230,     230. 

Swing,  in  inches,  2.50,     2.63,     2.46. 

Average  swing,  in  inches,  2.53. 

2.53   :  2.65  :  :  230   :  (241). 
Therefore  the  unit  deflective  charge  of  ^Etna  coal  powder  AA  is  241  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 

Sept.  29 

Do 

Grams. 
241 
241 
241 
241 
241 
241 
241 
241 
241 
241 

241 
241 
241 

Per  cent. 
7.81 
8.11 

7.81 
7.81 
8.05 
8.05 
8.05 
7.87 
7.79 
7.87 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Sept.  30 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  27 

Do 

Do 

Do 

Do 

Grams. 
241 
241 
241 
241 
241 
241 
241 

o680 
a  680 
0  680 

aeso 

a  680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do. 

Do 

Do. 

Sept.  30 

Do 

Do. 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Sept.  30 

Do     . 

4.44 
4.19 
4.20 
4.19 
4.19 

No  ignition. 
Do. 
Do. 
Do. 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1\  inches. 
Electric  detonator.  No.  7. 


Date  (1909). 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


Rate  of 
detonation 
per  second . 


Sept.  28 

Sept.  29 

Do. 


Millimeters. 
18.09 
17.55 
18.05 


Meters. 
43.0 
43.0 
43.0 


Meters. 
2,377 
2,450 
2,382 


Average  rate  of  detonation,  2,403  meters  (7,880  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  11 

Millimeters. 
13.50 
13.00 
12.00 

Inches. 
17.05 
16.42 
15.16 

Millimeters. 
6.50 
7.50 
5.00 

Milliseconds. 
0  325 

Do 

375 

Do 

.250 

Average  height  of  flame,  16.21  inches. 
Average  duration  of  flame,  0.317  millisecond. 
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Date,  January  5,  1910 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

CenHmeUrs. 
20 
18 
16 
12 

1 
1 
1 
1 

Explosion. 
Do. 
Do. 
Do. 

Centimeters. 
10 
11 
11 
10 

1 
3 
1 
4 

No  explosion. 

Do. 
Explosion. 

No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 
(3.94  inches). 

Explosiox-by-Influence  Test. 

Weight  of  each  cartridge,  166  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result ,  upper 
cartridge. 

Inches. 
Dec.  14 6 

Did  not  explode. 

Do. 
Exploded. 

Do. 
Did  not  explode. 

Dec.  14 

Inches. 
4 
5 
5 
5 

Exploded. 
Did  not  explode. 
Do 

Do 1                  4 

Dec.  16 

Do '                  2 

Do 

Do '                  .S 

Do.. 

Do 

Do 

4 

The  minimum  distance  at  which  no  explosion  occurs  astablished  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  ix  Ow.v  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912-13). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Dec.  30 

Grams. 
212 
212 
212 
212 
212 
212 
212 
212 
212 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 

Millimeters. 
30.00 
30.50 
29.50 
29.00 
30.25 
30.25 
27.75 
28.00 
28.75 

Kilograms. 
93.75 
95.31 
92.19 
90.62 
94.53 
94.53 
86.72 
87.50 
89.84 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

.Tan .  9. 

93. 75 

Do 

Dec.  28 

Dec.  30 

93.  C3 

Do 

Dec.  27 

Do 

88.02 

Dec.  28 

a  Including  12  grams  original  -wrapper. 

P=1.911A+0.5B-1.411C=101.58  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.02.        "\V=212  grams. 

VPS 

^I  =  ^^y'  =7,331  kilograms  per  square  centimeter  (104,270  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosh'e  and  12  Grams 
OF  THE  Original  Wrapper. 


Date,  December  10,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

27.7 

Liquid  (water) 61.  5 

Gaseous 111.  6 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106  grams. o 


Date  (1913). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Jan.  9           

Kilograms. 
81.95 
81.95 
81.95 

1.111 
1.106 
1.059 

Calories. 
971.9 

Do 

967.5 

Do     * 

926.0 

a  Including  6  grams  of  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  955.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar  10     

Millimeters. 
63.50 
63.00 
63.50 

Millimeters. 
56.00 
55. 50 
55.25 

Millimeters 
7  50 

Do 

7  50 

Do : 

8  25 

Average  compression,  7.8  millimeters  (0.31  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

May  26 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
229 
236 
230 

Cubic  centi- 
meters. 
166 
173 

167 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  169  cubic  centimeters  (10.31  cubic  inches). 
iETNA  COAL  POWDER  C. 

Explosive,  .^tna  coal  powder  C. 
Class  4,  nitroglycerin. 
Manufactured  by  the  MiivA  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  316  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.22. 

Color  of  explosive,  drab. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  September  28,  1909. 

Unit  swing  on  this  date,  2.65  inches. 

A\'eight  of  charge,  in  grams,  340,     340,     340. 

Swing,  in  inches,  2.64,     2.63,     2.59. 

Average  swing,  in  inches,  2.62. 

2.62   :  2.65  :  :  340  :  (344). 
Therefore  the  unit  deflective  charge  of  .Stna  coal  powder  C  is  344  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Sept.  29 

Do 

Do 

Grams. 
344 
344 
344 
344 
344 
344 
344 
344 
344 
344 

344 
344 
344 

Percent. 

8.55 
8.55 
8.38 
8.38 
8.05 
8.05 
7.88 
7.96 
7.78 
8.05 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do." 

Test  3— Con. 

Oct.  1 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  27 

Do 

Do 

Do 

Do 

Grams. 
344 
344 
344 
344 
344 
344 
344 

O680 
1680 
1680 
a  680 
0680 

Per  cent. 

No  ignition. 
Do! 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Sept.  30 

Oct.  1 

4.44 
4.39 
4.52 
4.46 
4.35 

No  ignition. 
Do. 
Do. 
Do 

Do 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  li  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Sept.  28 

Millimeters. 
20.72 
19.36 
20.30 

Meters. 
43.0 
43.0 
43.0 

Meters. 
2,075 
2,221 
2  118 

Sept.  30 

Oct.l 

Average  rate  of  detonation,  2,138  meters  (7,010  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.29 

MilUmeters. 
17.60 
15.75 
15.25 

Inches. 
22.11 
19.89 
19.26 

Millimeters. 
9.00 
7.50 
7.50 

Milliseconds. 
0.450 

Do 

.375 

Do 

.375 

Average  height  of  flame,  20.42  inches. 
Average  duration  of  flame,  0.400  millisecond. 


Date,  May  6,  1910. 


RESULTS   OF    TESTS. 
Impact  Test. 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Numl)cr  of 
trials. 

Result. 

Centimeters. 
12 
10 

8 

9 

9 

1 
1 
1 
2 
1 

Explosion. 

Do. 
No  explosion. 

Do. 
Explosion. 

Centimeters. 
8 

7 
7 
6 

1 

2 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  6  centimeters 
(2.36  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  172  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Dec.  18 

Do 

Do 

Do 

Inches. 
6 
4 
3 
4 
5 

Did  not  explode. 

Do. 
Exploded. 

Do. 
Did  not  explode. 

Dec.  18 

Do 

Do 

Do 

Inches. 
5 
5 
6 
6 

Did  not  explode. 
Exploded. 
Did  not  explode. 
Do. 

Do 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912-13). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Jan.  2 

Grams. 
215 
215 
215 
215 
215 
215 
215 
215 
215 

1.08 

Millimeters. 
16.25 
16.25 
17.00 
15.50 
15.25 
15.50 
15.25 
15.00 
15.00 

Kilograms. 
50.78 
50.78 
53.12 
48.44 
47.66 
48.44 
47.66 
46.88 
46.88 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

Jan.  3 

08 
08 
08 
08 
08 
08 
08 
08 

i           51.56 

Dec.  26 

) 

Do 

Do 

Dec.  27 

Do 

\           48. 18 
I            47. 14 

Do 

1  Inchiding  15  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=56.11  kilograms  per  square  centimeter. 
A''=15,000  cubic  centimeters.        S  =  1.08.        W=215  grams. 

VPS 

M=  ^  =4,228  kilograms  per  square  centimeter  (60,140  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  December  11,  1912. 
Solid 


Grams. 

81.7 

Liquid  (water) .' 11.  8 

Gaseous 102.  6 

91853°— Bull.  66—13 3 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Height. 

Date  (1910). 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  10                 

Millimeters. 
63.50 
63.50 
63.50 

Millimetfrs. 
52.50 
53  00 
53.00 

Millimeters. 
11.00 

Do                         

10.50 

Do 

10.50 

Average  compression,  10.7  nallinieters  (0.42  inch). 

Expansion  of  Bore  Hole  ok  Trauzl  Lead  Blocks. 
Chai-ge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

May  26 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
207 
208 
207 

Cubic  centi- 
meters. 
144 
145 
144 

°C. 

15 

Do 

Do 

15 
15 

Average  expansion  of  bore  hole,  141  cubic  centimeters  (8.78  cubic  inches). 
BENTAL  COAL  POWDER  NO.   1-A. 

Explosive,  Bental  coal  powder  No.  1-A. 
ClasvS  la,  ammonium  nitrate,  containinii;  nitroglycerin. 
Manufactured  by  the  Inde])endent  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  7|  inches. 

Average  weight,  179  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.09. 

Color  of  explosive,  gray. 

Consistency,  powdered,  very  fine,  very  dry,  very  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  penduhim: 

Date,  December  4,  1911. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  280,     280,     280. 

Swing,  in  inches,  3.41,     3.40,     3.44. 

Average  swing,  in  inches,  3.42. 

3.42  :  3.40  :  :  280  :  (278). 
Therefore  the  unit  deflective  charge  of  Bental  coal  powder  No.  1-A  is  278  grams. 


EESULTS   OF    TESTS. 
Gas  and  Dust  Gallery  No.  1. 
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Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Grams. 

278 
278 
278 
278 
278 
278 
278 
278 
278 
278 

278 
278 

278 

Per  cent. 
7.83 
7.91 
8.21 
7.91 
8.22 
8.31 
8.15 
8.06 
8.24 
7.92 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do'. 

Test  3— Con. 

Dec.  14 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Dec.  12 

Do 

Do 

Do 

Do 

Grams. 

278 
278 
278 
278 
278 
278 
278 

O680 
O680 
a  680 
O680 
O680 

Per  cent. 

No  ignition. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Dec.  14 

4.37 
4.42 
4.17 
4.29 
4.11 

No  ignition. 

Do! 
Do. 

Do 

Do. 

Do  

a 680  grams  or  more  was  used. 
Rate  of  Detonation. 
Diameter  of  cartridge,  1^  inches. 
Electric  detonator  No.  7. 


Date  (1911-12). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Dec.  30 

Millimeters. 
18.60 
19.00 
19.60 

Meters. 
44.0 
45.0 
45.0 

Meters. 
2,366 
2,368 
2,296 

Jan.  3 

Do 

Average  rate  of  detonation,  2,343  meters  (7,690  feet)  per  second. 

Flame  1  est. 
Peripheral  speed  of  film,  20  meters  ppr  second. 


Date  (1912). 

Height  of 
photograph 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  6 

Millimeters. 
13.50 
10.00 
9.00 

Inches. 
17.05 
12.63 
11.37 

Millimeters. 
6.00 
5.25 
3.75 

Milliseconds. 
0  300 

Do 

262 

Do 

188 

Average  height  of  flame,  13.68  inches. 
Average  duration  of  flame,  0.250  millisecond. 

Impact  Test. 
Date,  February  26,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
25 
20 
19 
18 
18 

Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 

Centimeters. 
17 
17 
16 
15 

1 
1 
1 
5 

No  explosion. 
Explosion. 

No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  15  centimeters 
(5.91  inches). 


30  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Explosion -by-Influence  Test. 
Weight  of  each  cartridge,  177  grams. 


Date  (1912). 

Distance 
sepaiatinp 
cartridges. 

Result,  tipper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Apr.  1 

Do 

Do 

Inches. 
3 
2 
3 

Did  not  explode. 
Exploded. 
Do. 

Apr.  1 

Do 

Apr.  2 

Inches. 
4 
4 
4 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimetcr=l  kilogram  per  square  centimeter. 


Date  (1912.) 


Charge.o 


Specific      Height  of  LS^re 
gravity.        curve.      !  Prefer. 


Cooling 
surface. 


Average 

pr«?ssure 

per  square 

centimeter. 


Mar.  29. 
Apr.l.. 

Do. 
Apr.  2.. 

Do. 
Apr.  3.. 
Apr.  4.. 

Do. 

Do. 


Grams. 
214 
214 
214 
214 
214 
214 
214 
214 
214 


1.09 
1.09 
1.09 
1.09 
1.09 
1.09 
1.09 
1.09 
1.09 


Millimeters. 
28.00 
28.00 
27.75 
24.75 
24.00 
23.75 
23.75 
24.00 
24.00 


Kilograms. 
87.50 
87.50 
86.72 
77.34 
75.00 
74.22 
74.22 
75.00 
75.00 


Kilograms. 

87. 24 

75. 52 
74. 74 


a  Including  14  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1. 4110=99.02  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.09.        W=214.0  grams. 

VPS 

M=-.^=7,5G5  kilograms  per  square  centimeter  (107, (ilO  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  14  Grams  of 

the  Original  Wrapper. 


Date,  December  7,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

.   67.8 


Liquid  (water) 54.  0 

Gaseous 88. 1 


Compression  of  Small  Lkad  I'ilocks. 


Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.29 

Millimeters 
63.00 
63.60 
63.25 

Millimeters. 
50.75 
51.50 
51.50 

Millimeters. 
12.25 
12.00 
11  75 

Do 

Do 

Average  compression,  12.0  millimeters  (0.47  inch). 


BESULTS   OF    TESTS. 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 
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Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Feb.  26...                                          

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 

188 
190 

188 

Cubic  centi- 
meters. 
126 
128 
126 

'C. 

15 

Do...                         

15 

Do 

15 

Average  expansion  of  bore  hole,  127  cubic  centimeters  (7.75  cubic  inches). 
BENTAL  COAL  POWDER  NO.  2. 

Explosive,  Bental  coal  powder  No.  2. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Independent  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  174  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  l)y  sand,  1.04. 

Color  of  explosive,  gray. 

Consistency,  gi-anular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  1)allistic  pendulum: 

Date,  September  12,  1910. 

Unit  swing  on  this  date,  3.20  inches. 

Weightof  charge,  in  grams,  270,     270,     270. 

Swing,  in  inches,  3.13,     3.07,     3.19. 

Average  swing,  in  inches,  3.13. 

3.13  :  3.20  :  :  270  :  (276). 
Therefore  the  luiit  deflective  charge  of  Bental  coal  powder  No.  2  is  276  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Sept.  13 

Grams. 
270 
270 
270 
270 
270 
270 
270 
270 
270 
270 

270 
276 
276 

Per  cent. 
S.M 
7.90 
8.15 
8.09 
8.20 
8.17 
8.09 
8.17 
8.00 
7.87 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Sept.  13 

Do 

Do 

Do 

Do 

Do 

Do 

TE.ST  4. 

Sept.  12 

Do 

Do 

Do 

Do 

Grams. 
270 
276 
276 
276 
270 
276 
276 

a&SO 
a  080 
a  080 
a  680 
O680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Sept.  13 

4.10 

4.  as 
4.a3 

4.03 
4.13 

No  ignition. 

1)0. 

Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  druin 

per  second. 

Rat«  of 
detonation 
per  second. 

Sept.  12 

Millimeters. 
30.  52 
30.15 
29.55 

^feters. 
43.5 
43.5 
43.5 

Meters. 
1,425 

Do  

1,443 

Do     .                       

1.472 

Average  rate  of  detonation,  1,447  meters  (4,750  feet)  per  second. 

Klame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  20 

Millimeters. 
10.50 
12.25 
8.50 

Inches. 
13.26 
15.47 
10.74 

Millimeters. 
3.50 
5.50 
3.50 

Milliseconds. 
0.175 

Do 

.275 

Do 

.175 

Average  height  of  flame,  13.16  inches. 
Average  duration  of  flame,  0.208  millisecond. 


Impact  Test. 


Date,  February  4,  1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
24 
20 
IS 

1 

1 
1 

Explosion. 
Do. 
Do. 

Centimeters. 
17 
10 

1 

F,.xplosion. 
No  explo.sion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  16  centimeters 
(6.3  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  166  grams. 


Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1913). 

Distance 
separating 
cait  ridges. 

Result,  upper 
cartridge. 

Feb.  13 

Do 

Do 

Do 

Inches. 
0 
4 
2 

1 

Did  not  explode. 
Do. 
Do. 
Do. 

Feb.  13 

Do 

Do 

Do 

Inches. 
0 
1 
2 
2 

I'-xploded. 

Do. 
Did  not  explode. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 


RESULTS   OF    TESTS. 
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Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Feb.  8 

Grams. 
214 
214 
214 
214 
214 
214 
214 
214 
214 

1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 

Millimeters. 
27.25 
27.00 
27.00 
25.25 
25.00 
25.  75 
24.25 
24.50 
23.75 

Kilograms. 

85.16 
84.38 
84.38 
78.91 
78.12 
80.47 
75.78 
76.56 
74.22 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

[           84.64 

Do 

Feb.  10 

Do 

79. 17 

Do  .     .. 

Do 

Feb.  11 

i            75.52 

Do 

a  Including  14  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=94.77  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.         S=1.03.         W=214  gi-ams. 

VPS 

M=       '  =6,842  kilograms  per  square  centimeter  (97,320  pounds  per  square  inch). 
vV 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  1G  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  January  27,  1911.  Grams. 

Solid \ 42.7 

Liquid  (water) 67.0 

Gaseous ' 94.  4 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Jan.  25 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
57.00 
57.  25 
57.00 

Millimeters. 
6.50 

Do                                

6.25 

Do 

6.50 

Average  compression,  6.4  millimeters  (0.25  inch.) 

Expansion  of  Bore  Hole  of  Tr.\.uzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1911). 

Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Jan.  27                                          

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
158 
156 
160 

Cubic  centi- 
meters. 
95 
93 

97 

"C. 

15 

Do                      

15 

Do                                                    

15 

Average  expansion  of  bore  hole,  95  cubic  centimeters  (5.80  cubic  inches). 
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TESTS  OF   PERMISSIBLE  EXPLOSIVES. 


BITTJMINITE  NO.   1. 

Explosive,  Bituniinite  No.  1. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Jefferson  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  223  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  l)y  sand,  1.37. 

Color  of  explosive,  light  corn. 

Consistency,  fibrous,  fine,  dry,  very  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  May  21,  1909. 

Unit  s^^'ing  on  this  date,  2.95  inches. 

Weight  of  charge,  in  grams,  310,     310,     310. 

Swing,  in  inches,  2.82,     2.94,     2.87. 

Average  swing,  in  inches,  2.88. 

2.88  -.  2.95   :•:  310  :  (318). 
Therefore  the  unit  deflective  charge  of  Bituniinite  No.  1  is  318  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

May  26 

Do 

Do 

Grams. 
318 
318 
318 
318 
318 
318 
318 
318 
318 
318 

318 
318 
318 

Per  cent. 
7.91 
8.01 
8.16 
8.16 
8. 16 
8.29 
8.15 
8.13 
8.28 
8.10 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

May  25 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

May  24 

Do 

Do 

Do 

Do 

Gravis. 
318 
318 
318 
318 
318 
318 
318 

a  fiSO 
aOSO 
a  680 
a  6S0 
0  680 

Per  cent. 

No  ignition. 
Oo! 

Do    .   . 

Do 

Do    .   .   . 

Do. 

Do 

Do. 

Do 

Do 

Do 

Do 

Do 

TE.ST  3. 

May  2,") 

Do 

4.  i:{ 
4.21 
4.21 
4.05 
4.31 

No  ignition. 
Do. 
Do. 
Do. 

Do. 

Do 

<i  680  grams  or  more  was  used. 
R.\TE  OF  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Dale  (1909). 

Distance 

between 

spark  points. 

I'criphpral 

speed  of  dnini 

per  second . 

Rate  of 
detonation 
per  second. 

Aug.  24 

^fillimeters. 
10.  SI 
11.03 
11.24 

.Vetera. 
43.0 
43. 0 
43.0 

Meters. 

3,978 
3,898 

Do 

Aug.  31 

3  820 

Average  rate  of  detonation,  3,901  meters  (12,800  feet)  per  second. 


RESULTS   OF   TESTS. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 
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Date  (1910). 

Height  of 
photo,?raph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  14 

Millimeters. 
21.25 
22.25 
21.00 

Inches. 
26.84 
28.11 
20.53 

Millimeters. 
9.00 
9.00 
8.75 

Milliseconds. 
0.450 

Do 

.450 

Do 

.438 

Average  height  of  flame,  27.10  inches. 
Average  dm-ation  of  flame,  0.446  millisecond. 


Date,  January  3,  1910. 


Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
24 
22 
20 
16 
18 

Explosion. 

Do. 

Do. 
No  explosion. 
Ex:plosion. 

Centimeters. 
16 
16 
15 
13 
12 

1 
1 
1 
1 
5 

No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 

The  maximmn  height  at  which  no  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

Explosion-by-Infi,uence  Test. 

Weight  of  each  cartridge,  216  grams. 


Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  12 

Inches. 
6 
9 
13 
17 

Exploded. 

Do. 

Do. 
Did  not  explode. 

Jan.  13 

Inches. 
15 
14 
14 
14 

Did  not  explode. 
Do. 

Do 

Do 

Jan.  13 

Do 

Do 

Do 

Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  14  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


May  15. 
May  16. 

Do. 
May  14. 

Do. 

Do. 

Do. 

Do. 
May  16. 


Date  (1913). 


Charge.o 


Grams. 
214 
214 
214 
214 
214 
214 
214 
214 
214 


Specific 
gravity. 


Height  of 
curve. 


1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 


MiUimrtcrs. 
24.75 
25.75 
24.75 
23.25 
23.  25 
22.  75 
22.25 
22.75 
22.00 


Pressure 
per  square 
centimeter. 


Kilograms. 
77. 34 
80.47 
77.  34 
72.06 
72.  W< 
71.09 
69.  53 
71.09 
68.75 


Cooling 
surface. 


.\verage 

pressure 

per  square 

centimeter. 


Kilograms. 
\  78. 38 


G9.79 


a  Including  14  grams  of  the  original  wrapper. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


P=1.911A+0.5B  — 1.4110=87.38  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.  S=1.23  W=214  grams. 

VPS 

M=— ^rT-=7,533  kilograms  per  square  centimeter  (107,140  pounds  per  square  inch). 

Products  of  Combustion  krom  200  Grams  of  the  Explosive  and  14  Grams  of 
THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.) 


Date,  May  21,  1913. 


Grams. 

Solid 54.0 

Liquid  (water) 15.  0 

Gaseous 125.  2 

Large  Calories  Developed  hy  1  Kilogram  of  the  Explosive. 

Chai'ge,  107.  0  grams. o 


Date  (1913). 


W^eight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram 


May  14. 

Do. 

May  15. 


Kilograms. 

81.95 

.     81.95 

81.95 


'C. 
0.867 
.903 
.903 


Calories. 
749.5 
781.0 
781.0 


a  Including  7  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  770.5. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  giams. 


Date  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Feb.  19 

Millimeters. 
(13.50 
(13.  50 
03.50 

Millimeters. 
47.50 
47.00 
47.00 

Millimeters. 
10.00 

Do 

10.50 

Feb.  23 

16.50 

Average  compression,  1G.3  millimeters  (0.64  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Feb.  10 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
202 
201 
260 

Cubic  centi- 
meters. 
200 
199 
198 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  199  cubic  centimeters  (12.14  cubic  inches). 


RESULTS   OF    TESTS. 
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BITTJMINITE  NO.  3. 

Explosive,  Bituminite  No.  3. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Jefferson  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  If  inches. 

Length  of  cartridge,  S\  inches. 

Average  weight,  250  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.17. 

Color  of  explosive,  corn. 

Consistency,  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  November  7,  1910. 

Unit  swing  on  this  date,  3.16  inches. 

Weight  of  charge,  in  grams,  291,     291,     291. 

Swing,  in  inches,  3.14,     3.15,     3.11. 

Average  swing,  in  inches.  3.13. 

3.13  :  3.16  :  :  291  :  (294). 
Therefore  the  unit  deflective  charge  of  Bituminite  No.  3  is  294  grams. 

Gas  jVnd  Du.st  Gallery  No.  1. 


Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Grams. 
294 
294 
294 
294 
294 
294 
294 
294 
294 
294 

294 
294 
294 

Per  cent. 
7.79 
7.86 
7.98 
7.91 
8.19 
7.78 
7.89 
8.12 
8.00 
7.84 

No  ignition. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  .3— Con. 

Nov.  10 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  11 

Do 

Do 

Do 

Do 

Grams. 
294 
294 
294 
294 
294 
294 
294 

0  680 
O680 
a  680 
0  680 
O680 

Per  cent 

No  ignition. 

Do 

Do 

Do. 

Do 

Do. 

Nov  8 

Do. 

Do 

Do. 

Do      

Do. 

Do 

Do 

Nov.  26 

Test   3. 

Nov  9 

4.02 
3.98 
3.92 
4.0.5 
4.03 

No  ignition. 

Do! 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second . 

Rate  of 
detonation 
per  second. 

Nov.  14 

Millimeters. 
15.32 
15.28 
15.30 

Meters. 
43.5 
43.5 
43.5 

Meters. 

2,839 
2,847 
2,843 

Nov.  15 

Do 

Average  rate  of  detonation,  2,843  meters  (9,330  feet)  per  second. 


38  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

•Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  secoud. 


Date  (1911). 

Height  of 
photograph 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

July  7                                 

Millimeters. 
14.00 
11.00 
9.75 

Inches. 
17. 68 
13. 89 
12.32 

Millimeters. 
6.25 
4.75 
4.25 

Milliseconds. 
0.312 

Do 

.238 

Do 

.212 

Average  height,  of  flame,  14.63  inches. 
Average  duration  of  flame,  0.254  millisecond. 


Impact  Test. 


Date,  June  14,  1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result, 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
18 
16 
14 
13 

Explosion. 
Do. 
Do. 
Do. 
Do. 

Centimeters. 
11 
10 
10 
9 

1 

1 
1 
5 

Explosion. 
No  explo.sion. 
Explo.sion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs,  established  at  9  centimeters 
(3.54  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  188  grams. 


Date  (1911). 

Distance 
separating 
cartridges 

Result,  upper 
cartridge. 

Date  (1911). 

Di.stance 
separating 
cartridges. 

Result,  upper 
cartridge. 

July  IS 

Inches. 

s 

4 

6 

Did  not  explode. 

Exploded. 

Did  not  explode. 

July  18 

Inches. 
5 
5 
5 

Did  not  explode. 
Do. 

Do 

Do     

Do 

Do 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Pooling 
surface. 

-Vverage 

Iiro.ssiu-c 
per  square 
centimeter. 

June  8 

Grams. 
215 
215 
215 
215 
215 
215 
215 
215 
215 

1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 
1.17 

Millimeters. 
23.50 
22.  75 
2:?.  M 
21.  (K) 
21.  IK) 
20.75 
19.50 
19.  75 
20.25 

Kilograms. 
73.44 
71.09 
73. 44 
6.5.  62 
65.  62 
64.  .S4 
60.94 
61.72 
63.28 

A 
A 
A 

n 

B 
B 
C 
C 
C 

Kilograms. 

Do 

71  66 

Do 

June  6 

June  7 

65  36 

Do 

Do 

Do 

61.98 

Do 

a  Including  15  grams  of  the  original  wrapper. 


RESULTS   OF   TESTS. 
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P=1.911A+0.5B— 1.4110=84.08  kilograma  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.17.        W=215  grams. 

VPS 
M=-ry-=6,863  kilograms  per  square  centimeter  (97,620  pounds  per  square  inch). 

Products  of  Combustion  prom  200  Grams  of  the  Explosive  and  15  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  June  7,  1911. 
Solid 


Grams. 

63. 8 

Liquid  (water) 18.  7 

Gaseous 121. 8 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  107.5  grams.a 


Date  (1911). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

July  14 

Kilograms. 
80.95 
80.95 
80.95 

"C. 

0.811 
.834 

.842 

Calories. 
689.9 

Do                                                          

709.6 

Do 

716.4 

a  Including  7.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  705.3. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1911). 

Before 
explosion. 

.       After 
explosion. 

Compression. 

July  17.                                   

Millimeters. 
63.50 
63.75 
63.50 

Millimeters. 
49.25 
49.50 
49.50 

Millimeters 
14.25 

Do 

14.25 

Do 

14.00 

Average  compression,  14.2  millimeters  (0.56  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion  of 
bore  hole. 

Tempera- 
ture of 
block. 

Before  shot. 

After  shot. 

Apr.  3     

Cubic  centi- 
meters. 

63 
63 
63 

Cubic  centi- 
meters. 

222 
221 
222 

Cubic  centi- 
meters. 

159 
158 
159 

'C. 

15 

Do                                      

15 

Do                            

15 

Average  expansion  of  bore  hole,  159  cubic  centimeters  (9.70  cubic  inches). 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


BITUMINITE  NO.  4. 

Explosive,  Bituminite  No.  4. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Jefferson  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  8J  inches. 

Average  weight,  236  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.14. 

Color  of  explosive,  drab. 

Consistency,  fibrous,  fine,  drj^,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  November  7,  1910. 

Unit  swing  on  this  date,  3.16  inches. 

Weight  of  charge,  in  grams,  305,     305,     305. 

Swing,  in  inches,  3.27,     3.16,     3.16. 

Average  swing,  in  inches,  3.20. 

3.20  :3.16  :  :  305:  (301). 
Therefore  the  unit  deflective  charge  of  Bituminite  No.  4  is  301  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
Nov.  8 

Grams. 
301 
301 
301 
301 
301 
301 
301 
301 
301 
301 

301 

;ioi 

301 

Per  cent. 

7.86 
7.!)0 
7.77 
8.00 
7.84 
7.84 
7.79 
7.93 
8.11 
7.97 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Nov. 10 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  11 

Do 

Do 

Do 

Do 

Grams. 
301 
301 

:joi 

301 
301 
301 
301 
301 

a  680 
"  6S() 

a  m) 

n  6S0 
a  680 

Per  cent. 

No  Ignition. 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do 

Test  3. 

Nov.  10 

4.09 
4.00 
3.  S9 
4.01 
4.06 

No  ignition. 
Do! 

Do 

Do 

Do 

Do. 

o  680  grams  or  more  was  used. 


Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator.  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Teripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Nov.  15 

Millimeters. 

18.82 
18.80 
19.17 

Meters. 
43.5 
43.5 
43.5 

Meters. 
2  311 

Do 

2,314 
2.269 

Do 

Average  rate  of  detonation,  2,298  meters  (7,540  feet)  per  second. 


EESULTS   OF    TESTS. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 
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Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

July  7 

Millimeters. 
8.00 
10.00 
10.25 

Inches. 
10.11 
12.63 
12.95 

Millimeters. 
3.50 
5.25 
4.75 

Milliseconds. 
0  175 

Do 

262 

Do 

238 

Average  height  of  flame,  11.90  inches. 
Average  duration  of  flame,  0.225  millisecond. 


Impact  Test. 


Date,  June  15,  1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
12 
16 
14 
13 

1 
1 
1 
1 
2 

Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

Centimeters. 
13 
12 
11 
11 
10 

1- 
1 
3 

1 
5 

Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 
(3.94  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  184  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

July  18 

Inches. 

1 
6 

Exploded. 
Did  not  explode. 
Do. 

July  18 

Inches. 
6 
6 

Did  not  explode. 
Do. 

Do 

Do 

Do 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Charge.o 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

June  8 

Grams. 
215 
215 
215 
215 
215 
215 
215 
215 
215 

1.14 

Millimeters. 
19.00 
18.75 
18.75 
17.50 
18.00 
18.00 
18.00 
17.75 
18.00 

Kilograms. 
59.37 
58.58 
58.58 
54.69 
56.25 
56.25 
56.25 
55.47 
56.25 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

1 

14 
14 
14 
14 
14 
14 
14 
14 

58. 84 

Do 

Do 

June  9 

55. 73 

Do 

June  7 

Do 

55. 99 

June  8 

o  Including  15  grams  of  the  original  wrapper. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


P=1.911A+0.5B  — 1.4110=61.31  kilograms  per  square  centimeter. 
V=15, 000  cubic  centimeters.        S  =  1.14.        W=215  grams. 

VPS 

M=-^y^=4,876  kilograms  per  square  centimeter  (G9,3G0  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

THE  Ork;inal  Wrapper. 


[Analj'st,  A.  L.  Hyde.] 


Date,  June  8,  1911. 
Solid 


Grams. 

78.  2 

Liquid. (water). 13.  5 

Gaseous 119.  5 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  107.5  grams. a 


Date  (1911). 


July  15. 

Do. 

July  17. 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Kilograms. 
80.95 
80.95 
80.95 


'C. 
0.736 
.733 
.706 


Heat  devel- 
oped per 
kUogram. 


Calories. 
625.3 

622.7 
599.5 


o  Including  7.5  grams  of  the  original  wrapper. 
Average  lai^e  calories  per  kilogram  of  explosive,  615.8. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date.  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression 

July  17 

MillimeUrs. 
63.50 
63.50 
63.50 

MillimcUrs. 
53.25 
53.75 
53.50 

Millimeters. 
10.25 

Do                                                              

9.75 

Do..                                                        

10.00 

Average  compression,  10.0  millimeters  (0.39  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1911). 

Before 

shot. 

After 

shot. 

ture  of 
block. 

Apr.  3 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
172 
170 
168 

Cubic  centi- 
meters. 
109 
107 
105 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  107  cubic  centimeters  (6.53  cubic  inches). 


RESULTS   OF    TESTS. 

BITUMINITE  NO.  5. 

Explosive,  Bituminite  No.  5. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Jefferson  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  7f  inches. 

Average  weight,  173  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.08. 

Color  of  explosive,  corn. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  November  7,  1910. 

Unit  swing  on  this  date,  3.16  inches. 

Weight  of  charge,  in  grams,  240,     240,     240. 

Swing,  in  inches,  3.30,     3.35,     3.21. 

Average  swing,  in  inches,  3.29. 

3.29  :3.16  :  :  240  :  (231). 
Therefore  the  unit  deflective  charge  of  Bituminite  No.  5  is  231  grams. 

Gas  and  Dust  Gallery  No.  1. 
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Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Nov  8 

Grains. 
231 
231 
231 
231 
231 
231 
231 
231 
231 
231 

231 
231 
231 

Per  cent. 
7.96 
7.98 
8.13 
7.95 
8.02 
8.03 
7.80 
7.96 
8.13 
8.00 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Nov.  10 

Do 

Nov.  11 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  11 

Do 

Do 

Do 

Nov.  14 

Grams. 
231 
231 
231 
231 
231 
231 
231 

«680 
O6S0 
1680 
O680 
O680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do.     .. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Nov.  10 

4.01 
4.04 
3.97 
3.95 
3.99 

No  ignition. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1 J  inches. 
Electric  detonator  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Nov.  7 

Millimeters. 
15.90 
16.13 
16.50 

Meters. 
45.0 
45.0 
45.0 

Meters. 
2,830 

Nov.  8 

2, 790 

Do 

2,727 

Average  rate  of  detonation,  2,782  meters  (9,120  feet)  per  second. 
91853°— Bull.  ()6— 13 4 
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Flamk  Test. 
Peripheral  speed  of  film,  20  meters  per  sec-ond. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

July  8                                    

Millimeters. 
13.25 
13.00 
11.75 

Inches. 
16.74 
16.42 
14.84 

Millimeters. 
5.50 
4.75 
4.00 

Milliseconds. 
0.275 

Do.          

.238 

Do                                   

.200 

Average  height  of  flame,  16.00  inches. 
Average  duration  of  flame,  0.238  millisecond. 


Date,  June  15,  1911. 


Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
16 
20 
18 
14 

1 
1 
1 
1 

No  explosion. 
Explosion. 

Do. 
No  explosion. 

Centimeters. 
16 
15 
14 

1 

1 
4 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimeters 
(5.51  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  174  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

July  19 

Do 

Do 

Inches. 

2 
4 
3 

Exploded. 

Did  not  explode. 

Exploded. 

July  19 

Do 

Inches. 

4 
4 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maxlmum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


Charge.a 

Specific 

gravity. 

Orams. 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

Height  of 
ciu-ve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


June  14. 

Do. 

Do. 
June  9.. 

Do. 
June  21 . 
June  10. 

Do.. 
June  20. 


Millimeters. 
31.50 
31.25 
31.00 
29.75 
30.25 
29.00 
28.25 
28.00 
28.75 


Kilograms. 
98.44 
97. 66 
96.88 
92.97 
94.53 
90.62 
88.28 
87.50 
89.84 


kilograms. 
97.66 

92.71 

88.54 


o  Including  14  grams  of  the  original  wrapper. 


KESULTS   OF   TESTS. 
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P=1.911A+0.5B— 1.4110=108.05  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.08.        W=214  grams. 

VPS 
M  =  -=-^  =8,179  kilograms  per  square  centimeter  (116,340  pounds  per  square  inch). 
W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  21  Grams  op 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  June  9,  1911. 
Solid 


Grams. 

14. 3 

Liquid  (water) 81.  0 

Gaseous 112.  9 

Large  Calories  Developed  by  1  Kilogram  op  the  Explosive. 

Charge,  107.0  grams. « 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


July  18. 
Do. 
Do. 


Kilograms . 
80.95 
80.95 
80.95 


'C. 
1.336 
1.307 
1.342 


Calories. 
1,146.9 
1,121.9 
1, 152. 1 


a  Including  7  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  1,140.3. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Aug.  11 

Millimeters. 
63.25 
63.50 
63.50 

Millimclcrs. 
51.00 
51.00 
51.00 

Millimeters. 
12.25 

Do 

12.50 

Do 

12.50 

Average  compression,  12.4  millimeters  (0.49  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grame. 


Date  (1911). 


Volume  of  bore  hole. 


Before 
shot. 


After 
shot. 


Expansion 
of  bore 
hole. 


Tempera- 
ture of 
block. 


Apr.  3.. 
Do. 
Do. 


Cubic  centi- 
meters. 
63 
63 
63 


Cubic  centi- 
meters. 
226 
220 
220 


Cubic  centi- 
meters. 
163 
157 
157 


Average  expansion  of  bore  hole,  159  cubic  centimeters  (9.70  cubic  inches), 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
BLACK  DIAMOND  NO.  2-A. 


Explosive,  Black  Diamond  No.  2-A. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Illinois  Powder  Manufacturing  Co. 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  196  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.17. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  29,  1912. 

Unit  swing  on  this  date,  3.62  inches. 

Weight  of  charge,  in  grams,  280,     280,     280. 

Swing,  in  inches,  3.63,     3.66,     3.53. 

Average  swing,  in  inches,  3.61. 

3.61  :3.62:  :  280:  (281). 
Therefore  the  unit  deflective  charge  of  Black  Diamond  No.  2-A  is  281  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
Jan  31 

Grains. 
2S1 
281 
281 
281 
281 
281 
281 
281 
281 
281 

281 
281 
281 

Per  cent. 

7.87 
8.28 
8.69 
8.00 
8.22 
8.49 
7.88 
7.99 
8.19 
7.95 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Feb.  5 

Do 

Do 

Do 

Do 

Do 

Feb.  6 

Test  4. 

Feb.  2 

Do 

Do 

Do 

Do 

Grams. 
281 
281 
281 
281 
281 
281 
281 

0  680 
"680 
"680 
0  680 
a680 

Per  cent. 

No  Ignition. 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Do 

Do 

Test  3. 

Feb  5 

4.24 
4.10 
3.95 

3.88 
4.02 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 


Rate  ok  Detonation. 


Diameter  of  cartridge,  1]  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rat«  of 
detonation 
pel  second. 

Jan.  30 

Millimeters. 
11.50 
11.70 
11.40 

Meters. 
44.5 
45.0 
44.0 

Meters. 
3,819 
3,846 
3,860 

Feb.  5 

Feb.  6 

Average  rate  of  detonation,  3,842  meters  (12,600  feet)  per  second. 


RESULTS   OF    TESTS. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 
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Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  30 

Millimelers. 
12.  75 
13.00 
8.00 

Inches. 
16.11 
16.42 
10.11 

MiUimeters. 
5.00 
4.75 
1.75 

Milliseconds. 
0.250 

Do 

.238 

June  4    

.088 

Average  height  of  flame,  14.21  inches. 
Average  duration  of  flame,  0.192  millisecond. 


Impact  Test. 


Date,  April  19,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
18 

1 
1 

Explosion. 
Do. 

Centimeters. 
15 
17 

1 
5 

No  explosion. 
Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  17  centimeters 
(6.69  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  188  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mayl 

Do 

Do 

Do 

Inches. 
3 
5 

9  • 

7 

Exploded. 

Do. 
Did  not  explode. 

Do. 

Mayl 

Do 

Do 

Inches. 
6 

7 
7 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  7  inches. 

Theoretical  Maximum  Pressure   Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge. a 

Specific 
gravity. 

Grams. 

21.5 

1.17 

213 

17 

213 

17 

213 

17 

213 

17 

213 

17 

213 

17 

213 

17 

213 

17 

Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Apr.  18. 
Apr.  19. 

Do- 
Apr.  22. 

Do. 

Do- 
Apr.  19. 

Do. 

Do. 


Millimeters . 
20.25 
20.50 
20.50 
19.50 
20.25 
20.50 
18.25 
18.25 
19.00 


Kilograms. 
t>3.  28 
64. 0« 
64.06 
60.94 
m.2S 
64.06 
57.  03 
57. 03 
59.38 


Kilograms. 
63.80 


a  Including  13  grams  of  the  original  wrapper. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


P=1.911A+0.5B— 1.411C=71.73  kilograms  per  square  centimeter. 

V=15, 000  cubic  centimeters.        S=1.17.        "\Y=213  grams. 

VPS 
M=^^T^=5,910  kilograms  per  square  centimeter  (84,060  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  January  29,  1912. 
Solid 


Grams. 

66. 9 

Liquid  (water)... 13.  0 

Gaseous 124.  3 

Laroe  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106.5  grams. « 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Apr.  8.. 
Apr.  9.. 
Apr.  13. 


Kilograms. 
81.95 
81.95 
81.95 


•C. 
0.871 
.U2 
.849 


Calories. 
756.6 
731.2 
737.3 


a  Including  6.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  741.7. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height.     • 

Before 
explosion. 

After 
explosion. 

Compression. 

Apr.  17  

Millimeters. 
63.25 
63.00 
63.25 

Millimeters. 
46.25 
46.00 
46.25 

Millimeters. 
17.00 

Do 

17.00 

Do 

17.00 

Average  compression,  17.0  millimeters  (0.67  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 

Volume  of  bore  hole. 

K.xpansion 
of  bore 
hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  15 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
220 
226 
228 

Cubic  centi- 
meters. 
157 
163 
165 

°C. 

19 

Do 

19 

Do 

19 

Average  expansion  of  bore  hole,  162  cubic  centimeters  (9.88  cubic  inches). 


RESULTS   OF    TESTS. 
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BLACK  DIAMOND  NO.  3-A. 


Explosive,  Black  Diamond  No.  3-A. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Illinois  Powder  Manufacturing  Co. 

Physical  examination ; 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  183  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.09. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  29,  1912. 

Unit  swing  on  this  date,  3.62  inches. 

Weight  of  charge,  in  grams,  290,     290,     290. 

Swing,  in  inches,  3.63,     3.54,     3.55. 

Average  swing,  in  inches,  3.57. 

3.57  :3.62  :  :  290  :  (294). 
Therefore  the  unit  deflective  charge  of  Black  Diamond  No.  3-A  is  294  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date  (1912). 

of 

and 

Result. 

Date  (1912). 

of 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  l. 

Test  3— Con. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

Jan. 31 

294 

7.81 

No  ignition. 

Feb.  6 

294 

Do 

294 
294 
294 
294 
294 
294 

7.91 
8.29 
8.41 
8.39 
8.12 
8.31 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do 

Do 

Do 

Do 

Do 

Do 

294 
294 
294 
294 
294 
294 

Do. 

Do 

Do. 

Do 

Do. 

Feb.  1 

Do. 

Do 

Do. 

Do 

Do. 

Do 

294 

8.72 

Do. 

Do 

294 

7.82 

Do. 

Test  4. 

Do 

294 

8.28 

Do. 

Feb.  5 

0  680 

3.79 

No  ignition. 

Test  3. 

Do 

a  680 

3.88 

Do. 

Do 

0  680 

3.98 

Do. 

Feb.  6 

294 

Do 

o680 

4.02 

Do. 

Do 

294 

Do. 

Do 

0  680 

3.91 

Do. 

Do 

294 

Do. 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1|  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 


Distance 

between 

spark  points. 


Peripheral  Rate  of 

speed  of  drum    detonation 

per  second,      per  second. 


'Jan.  31 
Feb.  5, 
Feb.  6, 


Millimeters. 
12.85 
13.10 
12.85 


Meters. 
44.0 
44.0 
44.0 


Meters. 

3,424 
3,359 
3,423 


Average  rate  of  detonation,  3,402  meters  (11,160  feet)  per  second. 
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Peripheral 

TESTS   OF   PERMISSIBLE   EXPLOSIVES 

Flame  Test. 
speed  of  film,  20  meters  per  second. 

• 

Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  30        

Millimeters. 
16.00 
13.00 

Inches. 
20.21 
16.42 

Millimeters. 
6.00 
6.50 
4.25 

Milliseconds. 

0.300 

.325 

.212 

Do  

Do  

13. 00             16. 42 

Average  height  of  flame,  17.68  inches. 
Average  duration  of  flame,  0.279  millisecond. 


Impact  Test. 


Date,  April  19,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
25 
24 

1 

1 
1 

No  explosion. 
E.xplosion. 
No  explosion. 

Centimeters. 
24 
22 
21 

1 
1 
5 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  21  centimeters 
(8.27  inches). 

Explosion-by-Influence  Test. 
Weight  of  each  cartridge,  175  grams. 


Dale  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May  2 

Do 

Do 

Inches. 

7 
3 
5 

Did  not  explode. 

Exploded. 

Did  not  explode. 

May  2 

Do 

Do 

Inches. 

4 
4 
4 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  conlimeter. 


Date  (1912). 


Charge.a 

Specific 
gravity. 

Orams. 

213 

1.09 

213 

1.09 

213 

1.09 

213 

1.09 

213 

1.09 

213 

1.09 

213 

1.09 

213 

1.09 

213 

1.09 

Height  of 
cur%'e. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

l)er  square 

centimeter. 


Anr.  22. 
M&y2.. 

Do. 
Apr.  23. 

Do. 
Apr.  24. 

Do. 

Do. 

Do. 


Millimeters 
21.00 
22.  (K) 
22.00 
20.50 
19.  ,'JO 
20.50 
19.25 
19.25 
19.50 


Kilograms. 
()5.62 
as.  75 
as.  75 
64.06 
60.94 
64.06 
60.  16 
60.16 
60.94 


Kilograms. 
67.  71 

f  63. 02 

60.  42 


a  Including  13  grams  of  the  original  wrapper. 


RESULTS   OF   TESTS.  51 

P=1.911A+0.5B  — 1.411C=  75.65  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.09.        W=213  grams. 

VPS 
M=-^^=5,807  kilograms  per  square  centimeter  f82,590  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  January  30,  1912.  '  Grams. 

Solid 75.0 

Liquid  (water) 11.5 

Graseous 119.  2 

Large  Calories  Developed  by  1  Kilogr.am  of  the  Explosive. 
Charge,  106.5  grams. « 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Apr.  12. 

Do. 

Apr.  15. 


Kilograms. 
81.95 
81.95 
81.95 


'C. 
0.884 
.850 

.887 


Calories. 
768.0 
738.2 
770.6 


a  Including  6.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  758.9. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Apr.  17 

Millimeters. 
63.25 
6:3.25 
63.25 

Millimeters. 
48.50 
48.75 
49.00 

Millimeters. 
14  75 

Do 

14.50 

Do 

14  25 

Average  compression,  14.5  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

of  bore 
hole. 

ture  of 
block. 

Apr.  15 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
228 
231 
228 

Cubic  centi- 
meters. 
165 
168 
165 

'C. 

19 

Do 

19 

Do 

19 

Average  expansion  of  bore  hole,  166  cubic  centimeters  (10.13  cubic  inches). 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


BLACK  DIAMOND  NO.  5. 

Explosive,  Black  Diamond  No.  5. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Illinois  Powder  Manufacturing  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  179  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.10. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  29,  1912. 

Unit  swing  on  this  date,  3.62  inches. 

AYeight  of  charge,  in  grams,  300.     300,     300. 

Swing,  in  inches,  3.71,     3.82,     3.77. 

Average  swing,  in  inches,  3.77. 

3.77  :  3.62  :  :  300  :  (288). 
Therefore  the  unit  deflective  charge  of  Black  Diamond  No.  5  is  288  grams. 

G.\s  .\ND  Dust  G.yllerv  No.  1. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Feb.  1   . 

Orams. 

288 
288 
2.88 
288 
288 
288 
288 
288 
288 
2S8 

288 
288 
288 

Per  cent. 
8.  13 
8.22 
7.99 
8.17 
8.27 
8. 23 
8.16 
7.97 
8.36 
8.2.5 

No  ignition. 

Do! 

Do. 

Do. 

Do. 

Do. 

Do.       ■ 

Do. 

Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Feb.  6 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  2 

Feb.  3 

Do 

Do 

Do 

.  Orams. 

288 
288 
288 
2,S8 
288 
288 
288 

o680 
a  680 
0  680 
O680 
o680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do.     .. 

Do. 

Do 

Do. 

Do 

Do. 

Feb.  2 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  6 

4.05 
4.00 
4.11 
4.07 
4.21 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  used. 
R.\TE  OP  Detonation 


Diameter  of  cartridge,  l\  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  dnim 

per  second. 

Rate  of 
detonation 
per  second. 

Jan.  30 

yrdlimelers. 
24.10 
24.45 
24.20 

Meters. 
44  5 

Meters. 

1   (U7 

Feb.  :■> 

44  5  1                1  820 

Feb.  6 

44  5                  i'mo 

Average  rale  of  detonation,  1,835  meters  (6,020  feet)  per  second. 


EESULTS   OF   TESTS. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 
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Date  (1913). 


Height  of 
photograph. 


May  10. 
Do. 
Do. 


Millimeters. 
7.00 
8.25 
3.50 


Height  of 
flame. 


Inches. 
8.84 
10.42 
4.42 


Duration 
distance. 


Millimeters. 
2.50 
4.00 
1.50 


Duration  of 
flame. 


Milliseconds. 
0.125 
.200 
.075 


Average  height  of  flame,  7.89  inches. 
Average  duration  of  flame,  0.133  millisecond. 


Impact  Test. 


Date,  March  5,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
20 
18 
18 

1 
1 
3 

1 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

Centimeters. 
17 
17 
16 

2 
1 
5 

No  explosion. 
Explosion. 
No  e-xplosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  16  centimeters 
(6.30  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  177  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May2 

Do 

Do 

Inches. 

7 
3 

1 

Did  not  explode. 

Do. 
Exploded. 

May2 

Do 

Do 

Inches. 
2 
2 
2 

Did  not  e-xplode. 
Do. 
Do. 

The  minimum  distance  at  wliich  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 


Indicator  spring  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912). 


Charge. a 

Specific 
gravity. 

Grams. 

213 

1.10 

213 

1.10 

213 

1.10 

213 

1.10 

213 

1.10 

213 

1.10 

213 

1.10 

213 

1.10 

213 

1.10 

Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Apr.  25. 

Do. 

Do. 

Do. 

Do. 

Do. 
Apr.  24. 

Do. 

Do. 


Millimeters. 
30.25 
29.50 
29.75 
25.75 
26.75 
26.00 
23.75 
23.75 
23.00 


Kilograms. 
94.53 
92.19 
92.97 
80.47 
83.59 
81.25 
74.22 
74.22 
71.88 


Kilograms. 
y  93. 23 

81.77 

73.44 


•  Including  13  grams  of  the  original  wrapper. 
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TESTS   OF  PERMISSIBLE  EXPLOSIVES. 


P=1.911A-|-0.5B  — 1.4110=115.42  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.10.        W=213  grams. 

VPS 

M=— — ^  =8,941  kilograms  per  square  centimeter  (127,170  pounds  per  square  inch). 
W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  op 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  January  30,  1912. 
Solid 


Grams. 

33. 7 

Liquid  (water) . 61.  5 

Gaseous lOG.  2 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compr&ssion. 

Millimeters. 
63.25 
63. 25 
63.25 

Millimeters. 
53.50 
53.75 
53.75 

Millimeters. 
9.75 

Do 

9.50 

Do 

9.50 

Average  compression,  9.6  millimeters  (0.38  iucli). 

ExPAN.sioN  OF  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

of  bore 
hole. 

ture  of 
block. 

Apr.  25 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
206 
200 
204 

Cubic  centi- 
meters. 
144 
138 
142 

"C. 

19 

Do 

19 

Do 

19 

Average  expansion  of  bore  hole,  141  cubic  centimeters  (8.60  cubic  inches). 
CAMERON  MINE  POWDER  NO.   1-A. 

Explosive,  Cameron  mine  powder  No.  1-A. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Cameron  Powder  Manufacturing  Co 
Physical  examination : 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  148  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.90. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  very  dry,  very  soft,  slightly  cohesive. 


KESULTS   OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  March  7,  1911. 

Unit  swing  on  this  date,  3.13  inches. 

Weight  of  charge,  in  grams,  220,     220,     220. 

Swing,  in  inches,  3.04,     3.11,     2.97. 

Average  swing,  in  inches,  3.04. 

3.04  :  3.13  :  :  220  :  (227). 
Therefore  the  unit  deflective  charge  of  Cameron  mine  powder  No.  1-A  is  227  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Mar  S 

Grams. 

227 
227 
227 
227 
227 
227 
227 
227 
227 
227 

227 
227 

227 

Per  cent. 
7.94 

7.80 
7.83 
7.93 
7.93 
8.25 
7.78 
8.11 
8.14 
7.93 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 
Mar.  14 

Grams. 
227 
227 
227 
227 
227 
227 
227 

0  680 
o680 
O680 
a  680 
a  680 

Per  cent. 

No  ignition. 

bo 

Do.  .     .     . 

Do. 

Mar  9 

Do 

Do. 

Do 

.    Do 

Do. 

Do 

Do    . 

Do. 

Do 

Do  

Do. 

Do 

Do 

Do. 

Do 

Do 

Mar.  10 

Test  4. 
Mar.  8 

3.93 
4.07 
4.14 
3.93 
3.97 

No  ignition. 

Test  3 

Mar.  20  . 

Do. 

Do 

Do. 

Mar.  14 

Do 

Do 

Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1|  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Mar.  7    

Millimeters. 
13.56 
13.30 
13.58 

Meters. 
45.0 
45.0 
45.0 

Meters. 
3,319 
3,383 

Do 

Do         

3,314 

Average  rate  of  detonation,  3,339  meters  (10,950  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Sept.  28 

Millimeters. 
7.00 
7.50 
8.75 

Inches. 
8.84 
9.47 
11.05 

Millimeters. 
2.00 
2.00 
3.00 

Milliseconds. 
0. 100 

Do 

.100 

Do 

.150 

Average  height  of  flame,  9.79  inches. 
Average  duration  of  flame,  0.117  millisecond. 
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Date,  July  28,  1911 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
faU. 

Number  of 
trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
14 

8 
10 

1 
1 
1 

1 

Explosion. 

Do. 
No  explosion. 

Do. 

CerUimelers. 
12 
10 
9 

1 
1 
5 

Explosion. 

Do. 
No  explosion. 

The  .maximum  height  at  which  no  explosion  occurs  established  at  9  centimeters 
(3.54  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  152  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Oct.  2 

Do 

Do 

Inches. 
4 
3 
2 

Did  not  explode. 

Do. 
Exploded. 

Oct.  2 

Do 

Inches. 
3 
3 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Oct.  4 

Grams. 
215 
215 
215 
215 
215 
215 
215 
215 
215 

0.96 
.96 
.96 
.94 
.94 
.94 
.94 
.94 
.94 

MiUimelers. 
31.00 
32.00 
31.25 
31.25 
30.00 
29.75 
28.75 
28.75 
29.50 

Kilograms. 
96.88 
100.00 
97.66 
97.66 
93.75 
92.97 
89.84 
89.84 
92.19 

A 
A 
A 
B 
B 
6 
C 
JC 
C 

Kilograms. 

Oct.  5 

98.18 

Do 

Oct.  6 

Do 

94. 79 

Oct.  7 

Do 

Oct.  9 

90.  •i2 

Do 

« Including  15  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C=107.15  kilograms  per  square  centimeter. 

V= 15,000  cubic  centimeters.        S=0.90.        W=215.0  grams. 

VPS 
M=-tt^=6,729  kilograms  per  square  centimeter  (95,710  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  June  23,  1911. 
Solid 


[Analyst,  A.  L.  Hj-de.) 


Grams. 
9.6 


Liquid  (water) 66.  5 

Gaseous 129. 6 


KESULTS   OF    TESTS.  57 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  107.3  grams. « 


Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Jan.  29 

Kilograms. 
81.95 
81.95 
81.95 

"C. 
1.267 
1.227 
1.248 

Calorie!;. 
1,096.0 

Jan. 30 

1,061.1 

Do 

1  079.5 

n  Including  7.3  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  1,078.9. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  gram.s. 


Dale  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Sept.  23 

Millimeters. 
63.25 
63.50 
63.50 

Millimeters. 
46.00 
46.00 
46.50 

Millimeters. 
17.25 

Do 

17  50 

Do 

17  00 

Average  compression,  17.2  millimeters  (0.68  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Block. 
Charge,  10  grams. 


Date  (1911). 

Volume  of  bore  hole. 

E.xpansion 
of  bore 
hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  11 

Cubic  centi- 
meters. 

63 
63 
63 

Cubic  centi- 
meters. 

371 
376 
383 

Cubic  centi- 
meters. 

308 
313 
320 

"C. 

IS 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  314  cubic  centimeters  (19.15  cubic  inches). 
CAMERON  MINE  POWDER  NO.  2-A. 

Explosive,  Cameron  mine  powder  No.  2-A. 
Class  \n,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Cameron  Powder  Manufficturing  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  157  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.94. 

Color  of  explosive,  gray. 

Consistency,  granular  and  fibrous,  fine,  very  dry,  very  soft,  slightly  cohesive, 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  March  7,  1911. 

Unit  swing  on  this  date,  3.13  inches. 

Weight  of  charge,  in  grams,  220,     220,     220. 

Swing,  in  inches,  3.05,     2.98,     2.97. 

Average  swing,  in  inches,  3.00. 

3.00  :  3.13  :  :  220  :  (230). 
Therefore  the  unit  deflective  charge  of  Cameron  mine  powder  No.  2-A  is  230  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Mar.  9 

Grams. 
2;w 
230 
230 
230 
230 
230 
230 
230 
230 
230 

230 
230 
230 

Per  cent. 

8.04 
8.21 
7.82 
7.99 
8.03 
7.87 
8.06 
7.86 
8.05 
8.06 

No  ignition. 
Do. 
Do. 
Do 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Mar.l4 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.  16 

Do 

Do 

Do 

Do 

Grams. 
230 
230 
230 
230 
230 
230 
230 

0680 
a  680 
O680 
<J680 
0  680 

Percent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Mar.  10 

Do 

Do 

Test  3. 

Mar.  14 

3.97 
3.82 
3.88 
3.99 
3.94 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  ased. 
Rate  of  Deto.nation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Dtfte  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
I)cr  second. 

Mar.  23 

Millimeters. 
14.32 
14.18 
13.63 

Meters. 
45.0 
45.0 
45.0 

Meters. 
3,142 

Mar.  31 

3,173 

Do 

3,302 

Average  rate  of  detonation,  3,206  meters  (10,520  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911-12). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Sept.  28 

Millimeters. 
10.75 
7.50 
16.25 

Inches. 
13.58 
9.47 
20.53 

Millimeters. 
3.50 
2.00 
6.50 

Milliseconds. 
0.175 

Do 

.100 

Jan.3 • 

325 

Average  height  of  flame,  14.53  inches. 
Average  duration  of  flame,  0.200  millisecond. 


Date,  July  29,  1911. 


EESULTS   OF    TESTS. 
Impact  Test. 
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Distance  of       Number  of 
fall.  trials. 


Centimeters. 
30 
20 
16 
18 
16 


Result. 


Explosion. 

Do. 

No  e.xplosion 

Explosion. 

Do. 

Distance  of    1   Number  of 
fall.  !        trials. 


CerUimeters. 
15 

14 
13 
12 


Result. 


Explosion. 

Do. 

Do. 
No  e.xplosion. 


The  maximum  height  at  which  uo  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  160  grams. 


Date  (1911). 


Oct.  2. 
Do 
Do 
Do 


Distance 
separating 
cartridges. 


Inches. 


Result,  uppef 
cartridge. 


Did  not  explode. 

Do. 

Do. 
Exploded. 


Date  (1911). 


Oct.  3. 
Do 
Do 


Distance 
separating 
cartridges. 


Inches. 


Result,  upper 
cartridge. 


Exploded. 
Did  not  explode. 
Do. 


The  minimum  distance  at  which  no  explosion  occurs  established  at  1  inch. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


Oct.  10. 
Oct.  11. 

Do. 
Oct.  10. 

Do. 

Do. 
Oct.  9.. 

Do. 
Oct.  10. 


Charge." 

Specific 
gravity. 

Grams. 

214 

0.94 

214 

.94 

214 

.94 

214 

.94 

214 

.94 

214 

.94 

214 

.94 

214 

.94 

214 

.94 

Height  of 
curve. 


Millimeters. 
30.75 
30.00 
31.50 
28.00 
27. /» 
28.00 
27.50 
27.00 
28.25 


Pressure  ^.  ^^ 
per  square  surface 
centimeter,    sunace. 


Kilograms. 
96.09 
93.75 
98.44 
87.50 
86.72 
87.50 
85.94 
84.38 
88.28 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
96.09 

87.24 

86.20 


a  Including  14  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=105.62  kilograms  per  square  centimeter. 

V= 15, 000  cubic  centimeters.        S=0.94.        W=214  grams. 

VPS 
M=-^fr^=6,959  kilograms  per  square  centimeter  (98,990  pounds  per  square  inch). 

Products  op  Combustion  prom  200  Grams  op  the  Explosive  and  14  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  June  23,  1911. 
Solid 


Grams. 

12. 4 

Liquid  (water) 63.  5 

Graseous 130.  4 

91853°— Bull.  66—13 5 


00  TESTS    OF    PERMISSIBLE    EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
( "harge,  107.0  grama.a 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Kilograms. 

Jan.  19 I        81.95 

Do 81.95 

Jan.  20 81.95 

« Including  7  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  1,003.6. 

Compression  of  Small  Lead  Blocks. 

Charge,  100  grains. 


°C. 
1.156 
1.170 
1.147 


Calories. 
1,002.1 
1,014.4 
994.2 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Sept  23                     

Millimetfrs. 
63.50 
63.75 
63.50 

Millimetfrs. 
51.25 
51.50 
51.50 

MilUmeterR. 
12.25 

Do  

12.25 

Do       .                      

12.00 

Average  compression,  12.2  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Block. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
blocK. 

Apr.  U 

Cubic  centi- 
meters. 
63 
63 
63 

Cvhic  centi- 
meters. 
362 
355 
357 

Cvhic  centi- 
meters. 
299 
292 
294 

'C. 

15 

Do 

15 

Do      

15 

Average  expansion  of  bore  hole,  295  cubic  centimeters  (18  cubic  inches). 
CAMERON  MINE  POWDER  NO.  2-A,  L.  F. 

Explosive,  Cameron  mine  powder  No.  2-A,  L.  F. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Cameron  Powder  Manufacturing  Co. 
Physical  examination ; 

Diameter  of  cartridge,  1{  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  183  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gra\-ity  of  cartridge  by  sand,  1.18. 

Color  of  explosive,  corn. 

Consistency,  granular,  very  fine,  dry,  soft,  slightly  cohesive. 


RESULTS   OF    TESTS.  61 

Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 
Date,  September  25,  1911. 
Unit  swing  on  this  date,  3.41  inches. 
Weight  of  charge,  in  grams,  235,     235,     235. 
Swing,  in  inches,  3.47,     3.43,     3.42. 
Average  swing,  in  inches,  3.44. 

3.44  :  3.41   :  :  235   :  (233). 
Therefore  the  unit  deflective  charge  of  Cameron  mine  powder  No.  2-A,  L.  F.,i3 
233  grams. 

Gas  and  Dust  Gallery  Xo.  1. 


Date  (1911). 


Test  1. 


Sept.  27 . 

Do.- 

Do.. 

Do.. 

Do.. 

Do.. 
Sept.  28. 

Do.. 

Do.. 

Do.. 


Test  3. 


Sept.  29. 
Do.. 
Do.. 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

233 

8.23 

233 

8.15 

233 

8.30 

233 

8.35 

233 

8.03 

233 

8.34 

233 

8.09 

233 

7.90 

233 

8.12 

233 

8.23 

233 

233 

233 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1911). 


Test  3— Con 

Sept.  29 

Sept.  30 

Do 

Do 

Oct.  2 

Do 

Do 

Test  4. 

Sept.  28 

Do 

Do 

Do 

Do 


Weight  !  Methane 

of       I      and 
charge.      ethane. 


Grams.    I  Per  cent. 
233  I 


233 
233 
233 
233 
233 
233 


t680 
0680 
a  680 
O680 
a680 


4.25 
4.28 
4.11 
4.09 
4.06 


Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


a  680  grams  or  more  was  ustd. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  Xo.  7. 


Date  (1911). 


Sept.  26. 
Sept.  27. 
Do.. 


Distance 

between 

spark  points. 


MiUimeters. 
13.42 
13.21 
13.83 


Peripheral 

speed  of  drum 

per  second. 


Meters. 
45.0 
45.0 
45.0 


Rate  of 
detonation 
per  second. 


Meters. 
3,353 
3,407 
3,254 


Average  rate  of  detonation,  3,338  meters  (10,950  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film.  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan. 28 

Millimeters. 
9.75 
5.75 
9.75 

Inches. 
12.32 
7.26 
12.32 

Millimeters. 
5.00 
2.75 
5. 75 

Milliseconds. 
0.250 

Do    .   .                    

.1.38 

Do 

.288 

Average  height  of  flame,  10.63  inches. 
Average  duration  of  flame,  0.225  millisecond. 
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Impact  Test. 
Date,  November  9,  1912. 

Distance  of      Number  of 
faU.                trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

Centimeters. 

8 

16 

32 

24 

1 
1 
1 
1 

No  explosion. 

Do. 
Explosion. 
No  explosion. 

Centimeters. 
28 
30 
31 
30 

1 
1 

1 

4 

No  explosion. 

Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  30  centimeters 
[11.81  inches). 

ExPLOSIO\-BY-L\FLUENCE    TeST. 

Weight  of  each  cartridge,  179  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  12 

Do 

Do 

Inches. 

6 
4 
2 

Did  not  explode. 

Do. 
Exploded. 

Dec.  12 

Do 

Do 

Inches. 

3 
3 
3 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 
Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 

BY   BiCHEL   PrESS^JRE   GaGE. 

Indicator  spring,  0.40  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 


Jan.  29. 
Jan.  30. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


Charge.o 

Specific 
gravity. 

Grams. 

106.5 

106.5 

106.5 

106.5 

106.5 

106.5 

106.5 

1. 11 

106.5 

106.5 

Height  of 
curve. 


Millimeters 
20.75 
21.50 
21.50 
19.00 
19.00 
19.75 
19.25 
19.00 
19.25 


Pressure  n^^i;^„ 

Tier  sniiare  Coohng 

per  square  c„rf;u>p 

centimeter,  suriace. 


Kilograms. 
51.  8S 
53.75 
53.75 
47.50 
47.50 
49.38 
48.12 
47.50 
48.12 


a  Including  6.5  grams  of  the  original  WTapper. 

P=1.911A+0.5B  — 1.411C=58.00  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=l.ll.        W=106.5  grams. 

VPS 
M=-^^=9,068  kilograms  per  square  centimeter  (128,980  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  of 
THE  Original  Wrapper. 


December  9,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.) 


Grams. 

18. 7 

Liquid  (water) 73.  0 

Gaseous 105.  5 


RESULTS   OF    TESTS. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosfve. 
Charge,  106.5  grams. « 
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Date  (1913). 


Weight 
of  water. 


Rise  in 

temperar 

ture. 


Heat  devel- 
oped per 
kUogram. 


Jan.  20. 

Do. 

Feb.  21 . 


Kilograms. 
81.95 
81.95 
81.95 


'C. 
1.369 
1.364 
1.3.30 


Calories. 
1,193.8 
1,189.4 
1,159.6 


"  Including  6. .5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  1.180.9. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1913). 


Height. 


Before 
explosion. 


After 
explosion. 


Compression. 


Jan.  27. 
Do. 
Do. 


Millimeters. 
63.25 
a3.  50 
63.75 


Millimeters. 
50.00 
50.25 
50.00 


Millimeters. 
13.25 
13.25 
13.75 


Average  compression,  13.4  millimeters  (0.53  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Block. 
Charge,  10  grams. 


Date  (1912). 


Volume  of  bore  hole. 


Before 
shot. 


After 
shot. 


Expansion 
of  bore 
hole. 


Tempera- 
ture of 
block. 


Nov.  15 
Do. 
Do. 


Cubic  centi- 
meters. 
63 
63 
6:5 


Cubic  centi-  Cubic  centi- 


s. 
266 

meters. 
203 

260 

197 

270 

207 

Average  expansion  of  bore  hole,  202  cubic  centimeters  (12.32  cubic  inches). 
CAMERON  MINE  POWDER  NO.  3-A. 

Explosive,  Cameron  mine  powder  No.  3-A. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Cameron  Powder  Manufacturing  Co. 

Physical  examination  : 

Diameter  of  cartridge,  l^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  176  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  corn. 

Consistency,  fibrous,  fine,  very  dry,  very  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  March  7,  1911. 

Unit  swing  on  this  date,  3.13  inches. 

Weight  of  charge,  in  grams,  310,     310,     310. 

Swing,  in  inches,  3.24,     3.28,     3.32. 

Average  swing,  in  inches,  3.28. 

3.28  :  3.13   :  :  310  :  (296). 
Therefore  the  unit  deflective  charge  of  Cameron  mine  powder  No.  3-A  is  296  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date  (1911). 

of 

and 

Result. 

Date  (1911). 

of 

and 

Kesult. 

charge. 

ethane. 

charge. 

ethane. 

Test  1. 

Test  3— Con. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

Mar  11 

296 

7  99 

No  ignition. 

Mar.  15      .  . 

296 

No  ignition. 

bo 

296 

8.06 

Do 

296 

Do. 

Do 

396 

7  79 

Do. 

Do 

296 

Do. 

Do 

296 

S  07 

Do. 

Do 

296 

Do. 

Do 

296 

7.98 

Do. 

Do 

296 

Do. 

Do 

296 

8.11 

Do. 

Do 

296 

Do. 

Do 

296 

8.08 

Do. 

Do 

296 

Do. 

Mar.  13 

296 

7.87 

Do. 

Do 

296 

7.80 

Do. 

Test  4. 

Do 

296 

8.02 

Do. 

Mar.  18 

0  680 

4.15 

No  ignition. 

Test  3. 

Do 

O680 

4.01 

•Do. 

Mar.  20 

a  680 

4.06 

Do. 

Mar.  15 

296 

No  ignition. 

Do 

O6S0 

4.03 

Do. 

Do 

296 
296 

Do. 

Do. 

Do 

oeso 

4.03 

Do. 

Do  

a  680  grams  or  more  was  used. 
Ratk  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator.  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Mar.  8 

Millimeters. 
13,73 
13.28 
13.50 

Meters. 
45.0 
45.0 
45.0 

Meters. 
3,277 

Mar.  10 

3,389 

Do..                         .                      

3,333 

Average  rate  of  detonation,  3,333  meters  (10,930  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan. 3 

Millimeters. 
15.50 
17.50 
17.75 

Inches. 
19.58 
22.11 
22.42 

Millimeters. 
6.75 
7.50 
7.00 

Milliseconds. 
0  33S 

Do 

.375 

Do 

,350 

Average  height  of  flame,  21.37  inches. 
Average  duration  of  flame,  0.354  millisecond. 


Date,  July  24,  1911. 

RESULTS    OF    TESTS. 
Impact  Test. 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of       Number  of 
fall.                  trials. 

1 

Result. 

Centimeters. 
20 
16 

12 
15 
14 

Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 

Centimeters. 
13 
12 
12 
11 

1 
1 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

Explosiox-by-Influence  Test. 

Weight  of  each  cartridge,  175  grams. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Oct.  3 

Do 

Do 

Do 

Inches. 
4 
2 

3 
4 

Did  not  explode. 
Exploded. 

Do. 

Do. 

Oct.  3 

Do 

Do 

Inches. 

0 

5 
5 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Tressiu-e 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Oct.  11 

Grams. 
213 
213 
213 
213 
213 
213 
213 
213 
213 

1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
l.Oi 
1.03 
1.03 

Millimeters . 
21.25 
21.25 
20.25 
20.75 
2L25 
21.50 
21.25 
21.25 
20.50 

Kilograms. 
66.41 
66.41 
63.28 
64.84 
66.41 
67.19 
66.41 
66.41 
64.06 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

65  37 

Oct.  12 

Do 

Do 

66  15 

Oct.  13 

Do 

Do 

I            65.63 

Oct.  14 

a  Including  13  grams  of  the  original  wrapper. 

P=  1. 911A+0.5B  — 1.4110=65.39  kilograms  per  square  centimeter. 

V= 15,000  cubic  centimeters.     S=1.03.     W=213  grams. 

VPS 
M=  -;r^=4,743  kilograms  per  square  centimeter  (67,470  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  op  the  Explosive  and  13  Grams  of 

the  Original  Wrapper. 


Date,  June  26,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

59. 2 

Liquid  (water) 12.  1 

Gaseous 127. 1 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106.5  grams." 


Date  (1911). 


Dec.  27. 

Dec.  29. 

Do. 


Weight 
of  water. 


Kilograms. 
81.95 
81. 95 
8L95 


Rise  in      Heat  devel- 
tempera-   I   oped  per 
ture.         kilogram. 


'C. 
0.753 
.772 
.772 


Calories. 
65.3.1 


o  Including  6.5  gram-s  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  664.2. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Sept.  26 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
49.00 
48.75 
49.00 

Millimeters. 
14.50 

Do 

14.75 

Do  

14.50 

Average  compression,  14.6  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Block. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  11 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
240 
240 
246 

Ctibic  centi- 

meterg. 

177 

177 

1&3 

"C. 

15 

Do 

15 

Do 

15 

Averse  expansion  of  bore  hole,  179  cubic  centimeters  (10.92  cubic  inches). 
CARBONITE  NO.  4. 

Explosive,  Carbonite  No.  4. 

Class  4,  nitroglycerin. 

Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  246  grams. 

Cartridge  had  not  been  rodipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.05. 

Color  of  explcsive,  drab. 

Consistency,  granular;  coarse;  dry;  hard;  slightly  cohesive. 


RESULTS    OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  11,  1910. 

Unit  swing  on  this  date,  3.26  inches. 

Weight  of  charge,  in  grams,  320,     320,     320. 

Swing,  in  inches,  3.20,     3.18,     3.20. 

Average  swing,  in  inches,  3.19. 

3.19  :  3.26  :  :  320  :  (327). 
Therefore  the  unit  deflective  charge  of  Carbonite  No.  4  is  327  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

TE.ST  1. 

Feb.  12 

Do 

Do 

Grams. 
327 
327 
327 
327 
327 
327 
327 
327 
327 
327 

327 
327 
327 

Per  cent. 
8.16 
8.16 
8.26 
8.26 
7.87 
8.21 
7.90 
8.23 
8.23 
8.13 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Feb.  16 

Do 

Do 

Feb.  17 

Do 

Do 

Do 

Test  4. 

Feb.  28 

Do 

Do 

Do 

Do 

Grams. 
327 
327 
327 
327 
327 
327 
327 

0  680 
a  680 
0  680 
a  680 
O6S0 

Per  cent. 

Do. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Feb.  14 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  16 

4.15 
3.97 
4.10 
4.10 
4.10 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do       .  . 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  \\  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Feb. 9. 
1  Feb.  15 
Mar.  2. 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


Millimeters. 
18.33 
18.31 
18.50 


Meters. 
43.0 
43.0 
43.0 


Rate  of 
detonation 
per  second. 


Meters. 

2,346 
2,348 
2,324 


Average  rate  of  detonation,  2,339  meters  (7,670  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan.  29 

Millimeters. 
7.00 
7.25 
4.00 

Inches. 
8.84 
9.16 
5.05 

Millimeters. 
2.50 
2.00 
1..50 

Milliseconds. 
0. 125 

Do 

.100 

Do..   . 

075 

Average  height  of  flame,  7.68  inches. 
Average  duration  of  flame  0. 100  millisecond. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Date,  December  5,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

CerUimeters. 
8 
16 
12 
10 
11 
10 

No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 

Centimeters. 
9 
9 
8 
7 
7 
6 

3 
1 
1 

1 
1 
5 

No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  6  centimeters 
(2.36  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  169  grams. 


Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1910). 

Distance 
separating 
cartridges. 

Result,  tipper 
cartridge. 

Dec.  5 

Do 

Dec.  8 

Inches. 
8 
12 
10 

Exploded. 
Did  not  explode. 
Do. 

Dec.  8 

Do 

Do 

Inches. 
9 
9 
9 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  9  inches. 

Theoretical  Maxmum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.4  millimeter=l  kilogram  per  square  centimeter. 


Date  (1910). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

.\verage 

pressure 

per  square 

centimeter. 

Oct.  17 

Do 

Do 

Grams. 
210 
210 
210 
210 
210 
210 
210 
210 
210 

1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 
1.05 

MiUimeters. 
23.25 
22.50 
23.00 
22.50 
22.00 
21.50 
20.50 
20.50 
21.50 

Kilograms. 
58.12 
56.25 
57.50 
56.25 
55.00 
53.75 
51.25 
51.25 
53.75 

Kilograms. 
A        1 

A                     57.29 
A 

Oct.  18 

B         1 

Do 

B                      55.00 

Do 

Do 

B 
C 

Oct.  19 

C                      52.08 

Do 

C 

o  Including  10  grams  of  the  original  wrapper. 

P=1.911A-f0.5B  — 1.4110=63.50  kilograms  per  square  centimeter. 

V= 15,000  cubic  centimeters.        S=1.05.        W=210  grams. 

VPS 
M  =  -^^=4,762  kilograms  per  square  centimeter  (67,740  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosia-e  and  13  Grams  of 

THE  Original  Wrapper. 


Date,  September  6,  1910. 
Solid 


[.Vnalvst,  A.  L.  Hyde.] 


Grams. 

76. 2 

Liquid  (water) 20.  0 

Gaseous 113.  7 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106.5  grams. « 


Date  (1913). 

Weight 
of  water. 

Rise  in      Heat  devel- 
tempera-       oped  per 
ture.          kilogram. 

Jan.  13 

Kilograms. 
81.95 
81.95 
81.95 

0.695 
.706 
.695 

Calories. 
602.1 

Jan.  14                               

611.7 

Do 

602.1 

a  Including  6.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  605.3. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1913). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Jan.  27 

Millimeters. 
63.75 
63.50 
63.00 

Millimeters. 
55.  .^0 
55.00 
54.75 

Millimeters. 
8.25 

Do 

8.50 

Do..   . 

8.25 

Average  compression,  8.3  milUmeters  (0.33  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 

shot. 

After 
shot. 

ture  of 
block. 

Nov.  15 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
170 
175 
170 

Cubic  centi- 
meters. 
107 
112 
107 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  109  ctibic  centimeters  (6.65  inches). 
CARBONITE  NO.  5. 

Explosive,  Carbonite  No.  5. 

Class  4,  nitroglycerin. 

Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  ^  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  86  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  ])y  sand,  1.06. 

Color  of  explosive,  buff. 

Consistency,  fibrous,  fine,  very  dry,  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Uiiit  deflective  charge  as  dctoruuned  by  the  ballistic  i)eudiilum: 

Date,  January  23,  1911. 

Unit  swing  on  this  date,  3.05  inches. 

Weight  of  charge,  in  grams,  320,     320,     320. 

Smng,  in  inches,  3.26,     3.20,     3.18. 

Average  swing,  in  inches,  3.21. 

3.21  :  3.05  : :  320  :  (304). 
Therefore  the  unit  deflective  charge  of  Carbonite  No.  5  is  304  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date  (1911). 

of 

and 

Result. 

Date  (1911). 

of 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  1. 

Te.st  3— Con. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

Jan  ''5 

304 

7.85 

No  ignition. 
Do. 

Feb.  2. 

304 

No  ignition. 

Do      ..   . 

304 

7.93 

Do 

304 

Do  

304 

7.77 

Do. 

Do 

304 

Do. 

Do 

304 

8.13 

Do. 

Do 

304 

Do. 

Do      

304 
304 

7.79 
8.22 

Do. 
Do. 

Do 

Do 

304 
304 

Do. 

Do    

Do. 

Do 

304 

8.13 

Do. 

Do 

304 

Do. 

Do 

304 

8.14 

Do. 

Do 

304 

8.13 

Do. 

Test  4. 

Do 

304 

8.08 

Do. 

Jan. 30 

a  080 

4.04 

No  ignition. 

Test  3. 

Do 

a  080 

3.94 

Do. 

Do 

a  680 

3.92 

Do. 

Feb.  2 

304 

No  ignition. 

Do 

OG80 

4.13 

Do. 

Do 

304 
304 

Do. 
Do. 

Do 

"680 

4.06 

Do. 

Do 

1  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1\  inches. 
Electric  detonator.  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan.  31 

Millimeters. 
14.16 
14.82 
14.70 

Meters. 
45.0 
45.0 
45.0 

Meters. 
3,178 

Do 

3,038 

Do 

3,061 

Average  rate  of  detonation,  3,092  meters  (10,140  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

July  27 

Millimeters. 
13.00 
13.00 
9.75 

Inches. 
16.42 
16.42 
12.32 

Millimeters 
6.50 
5.75 
5.00 

Milliseconds. 
0.325 

Do 

.288 

Do 

.250 

Average  height  of  flame,  15.05  inches. 
Average  diin.tion  of  flame,  0.288  millisecond. 


RESULTS   OF    TESTS. 
Impact  Test. 


71 


Date,  July  26,  1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of     1   Number  of 
fall.          ;       trials. 

Result. 

Centimeters. 
•10 
14 
17 
10 
1.5 

Explosion. 
No  explosion. 
Explosion. 

Do. 

Do. 

1 
Centimeters.    | 

14             i             1 
14                          1 
13                          1 
12                          1 
11                          .5 

No  exijlosion. 
Explosion. 

Do. 

Do. 
No  explosion. 

The  iiiaxiinuiii  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

Explosion-by-Influence  Test. 

Weieht  of  each  cartridge,  180.5  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

sSS           Result,  upper 
fS^.l               -^tridge. 

Sept.  21 

Do 

Do 

Inches. 

8 
5 
3 

Did  not  explode. 

Do. 
Exploded. 

Sept.  21 

Do 

Do 

Inches. 

4 
5 
5 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.4  millimeter =1  kilogram  per  square  centimeter. 


Date  (1911). 


July  25. 

Do. 

Do. 
July  24. 

Do. 

Do. 

Do. 

Do. 

Do. 


Charge.a 

Specific 
gravity. 

Grams. 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

221 

1.06 

nr«i„i,t  «f  Pressure 
cun-e  per  square 
^^^^^-       centimeter. 


Millimeters .  Kilogra  ms . 


25.50 
26.00 
26.50 
25.25 
25.25 
25.00 
25.00 
25.00 
24.00 


63. 

65.00 

66.25 

63.13 

63.13 

62.50 

62.50 

62.50 

60.00 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
65.00 

62.92 

61.67 


"  Including  21  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C=68.66  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.06.        W=221  grams. 

VPS 

M=         =4,940  kilograms  per  square  centimeter  (70,270  pounds  per  square  inch  V 


Products  of  Combustion  prom  200  Grams  of  the  Explosive  and  21  Grams  of 

the  Original  Wrapper. 


Date,  June  15,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Cirams. 

64.  1 

Liquid  ( water ") 9.  3 

Gaseous 139.  8 


72  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge.  110.5  s:rams.« 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Julv24. 

July  26. 

Do. 


Kilograms. 
80.95 
80.95 
80.95 


°C. 
0.685 
.720 
.720 


Caloriis. 
565.6 
594.9 
594.9 


a  Including  10.5  grams  of  the  original  -wTapper. 
Average  large  calories  per  kilogram  of  explosive,  585.1. 

Compression  op  Small  Lead  Blocks. 

Charge.  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Aug.  31                       .                

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
51.75 
52.25 
51.50 

Millimeters. 
11.75 

Do           

11.25 

Do 

12.00 

Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  7 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
217 
222 
218 

Cubic  centi- 
meters. 
154 
159 
155 

'C. 
15 

Do 

15 

Do 

15 

-Average  expansion  of  bore  hole,  156  cubic  centimeters  (9.52  cubic  inches). 
CARBONITE  NO.  6. 

Exi)lo8ive,  Carbonite  No.  6. 

Class  4,  nitroglycerin. 

Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  J  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  86  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.05. 

Color  of  explosive,  corn. 

Consistency,  granular,  fine,  very  dry,  soft,  slightly  cohesive. 


RESULTS   OF    TESTS. 

Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date  January  23,  1911. 

Unit  swing  on  this  date,  3.05  inches. 

Weight  of  charge,  in  grams,  340,     340,     340. 

Swing,  in  inches,  3.06,     2.95,     3.03. 

Average  swing,  in  inches,  3.01. 

3.01   :  3.05  :  :  340  :  (345). 
Therefore  the  unit  deflective  charge  of  Carbonite  No.  6  is  345  grams. 

Gas  and  Dust  Gallery  No.  1. 
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Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Jan. 25 

Grams. 
345 
345 
345 
345 
345 
345 
345 
345 
345 
345 

345 
345 
345 

Per  cent. 
8.23 
7.91 
7.93 
7.84 
8.19 
7.98 
7.90 
8.06 
8.03 
7.99 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Feb.3 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Jan. 30 

Jan.  31 

Do 

Do 

Do 

Grams. 
345 
345 
345 
345 
345 
345 
345 

o680 
O680 
O680 
0  680 
1680 

Per  cent. 

No  ignition. 

Jan.  26 

Do 

Do. 

Do 

Do. 

Do  . 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  3........ 

3.99 
3.94 
4.02 
4.02 
4.12 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do..   .   . 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1\  inches. 
Electric  detonator.  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan.  31 1 

Millimeters. 
19.55 
19.38 
20.18 

Meters. 
45.0 
45.0 
45.0 

Meters. 
2,302 

Do 

2,322 

Feb.  10 

2,230 

Average  rate  of  detonation,  2,285  meters  (7,490  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

July  27 

Millimeters. 
9.75 
11.50 
11.25 

Inches. 
12.32 
14.53 
14.21 

Millimeters. 
4.50 
7.00 
6.00 

Milliseconds. 
0.225 

Do . 

Do                               .                          

.350 
.300 

Average  height  of  flame,  13.69  inches. 
Average  duration  of  flame,  0.292  millisecond. 
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Date,  July  26,  1911. 


TESTS    OF    PERMISSIBLE    EXPLOSIVES. 
Impact  Test. 


Distance  of 
faU. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
15 
20 
17 
16 

1 

1 
1 
1 

No  explosion. 
Explosion. 

Do. 

Do. 

Centimeters. 
15 
14 
13 
12 

1 

1 
1 
5 

Explosion. 

Do. 

Do. 
No  explosion. 

The'  maximum  height  at  which  no  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  ]79  grams. 


Date(iyil). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.  22 

Do 

Do 

Do 

Inches. 

7 
4 
3 
2 

Did  not  explode. 

Do. 

Do. 
Exploded. 

Sept.  22 

Do 

Do 

Inches. 
3 
4 
4 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Devel6ped  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.4  millimeter =1  kilogram  per  square  centimeter. 


Date  (1911). 


Charge." 

Specific 
gravity. 

Grams. 

221 

1.05 

221 

1.05 

221 

1.05 

221 

1.05 

221 

1.05 

221 

1.05 

221 

1.05 

221 

1.05 

221 

1.05 

Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


July  26. 

Do. 

Do. 
July  25. 

Do. 

Do. 

Do. 

Do. 

Do. 


Millimeters. 
22.00 
21.75 
22.75 
21.50 
20.75 
21.50 
20.25 
20.00 
20.00 


Kilograms. 
55.00 
54.38 
56.88 
53.75 
51.88 
53.75 
50.03 
50.00 
50.00 


Kilograms. 
\  55.42 

i  53.13 

i  50.21 


a  Including  21  grams  of  the  original  wrapper. 
P=1.911A+0.5B  — 1.4110=61.63  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.         S=1.05.         W=221  grams. 

M=  ^y  =4,392  kilograms  per  square  centimeter  (62,470  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  op  the  Explosive  and  21  Grams  of 

THE  Original  Wrapper. 

[Analvsl,  A.  !,.  Hyde.] 
Date,  June  16,  1911.  Grams. 

Solid 71.7 

Liquid  (water) 11.  8 

Gaseous 123.  8 


RESULTS    OF    TESTS.  75 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Chaise,  110.5  grams. a 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


July  27. 
Do. 
Do. 


Kilograms. 
80.95 
80.95 
80.95 


°C. 
0.678 
.706 
.697 


Calories. 
5-59.8 
583.2 
575.6 


a  Including  10.5  grams  of  the  original  wrapper. 
Average  lai^e  calories  per  kilogram  of  explosive,  572.9. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 


Height. 


Before 
explosion. 


After 
explosion. 


Compression. 


Aug.  31 . 
Do. 
Do. 


Millimeters. 
63.25 
63.50 
63.50 


Millimeters. 
54.25 
54.75 
54. 75 


Millimeters. 
9.00 
8.75 
8.75 


Average  compression,  8.8  millimeters  (0.35  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1911). 


Volume  of  bore  hole. 


Before 
shot. 


After 
shot. 


Expansion 

of  bore 

hole. 


Tempera- 
ture of 
block. 


Apr.  7. 
Do 
Do 


Cubic  centi- 
meters. 
63 
63 
63 


Cubic  centi- 
meters. 
183 
181 

188 


Cubic  centi- 
meters. 
120 
118 
125 


Average  expansion  of  bore  hole,  121  cubic  centimeters  (7.38  cubic  inches). 

COALITE  A. 

Explosive,  Coalite  A. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  1;^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  171  grama. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.98. 

Color  of  explosive,  ecru. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
91853°— Bull.  66—13 6 
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TESTS    OF    PERMISSIBLE    EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  10,  1912. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  245,     245,     245. 

Swing,  in  inches,  3.36,     3.38,     3.44. 

Average  swing,  in  inches,  3.39. 

3.39   :  3.40   :  :  245  :  (246). 
Therefore  the  unit  deflective  charge  of  Coalite  A  is  246  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Weight 

of 
charge. 

Methane 
and 

ethane. 

Result. 

Dal«  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Grams. 
246 
246 
246 
246 
246 
246 
246 
246 
246 
246 

246 
246 
246 

Per  cent. 
8.24 
8.41 
8.09 
7.85 
7.98 
7.92 
7.88 
8.32 
8.04 
8.16 

No  ignition. 

Do." 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Jan.  23 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Jan. 19 

Jan. 20 

Do 

Jan. 22 

Do 

Grams. 
246 
246 
246 
246 
246 
246 
246 

O680 
a  680 
o680 
a  080 
a  680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Jan  16 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Jan.  23 

4.07 
3.91 
3.94 
4.06 
4.02 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1\  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan. 12 

Millimeters. 
10.60 
16.50 
16.25 

Meters. 
44.5 
44.0 
45.0 

Meters. 
2.681 

Do                                                                       

2.666 

Do 

2,769 

Average  rate  of  detonation,  2,705  meters  (8,870  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  8 

Millimeters. 
14.00 
13.75 
15.25 

Iruihes. 

17.68 
17.37 
19.26 

Millimeters. 
5.00 
5.50 
5.00 

Milliseconds. 
0.250 

Do 

.275 

Do 

250 

Average  height  of  flame,  18.10  inches. 
Average  duration  of  flame,  0.258  millisecond. 


Date,  March  4,  1912. 


RESULTS   OF    TESTS. 
Impact  Test. 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
19 

18 
IS 
17 
17 

1 
1 
2 
1 
4 
1 

Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

Cenlimeters. 
16 
16 
15 
15 
14 

4 

1 
1 
1 
5 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimeters 
(5.51  inches). 

Explosion-by-Inpluence  Test. 

\Yeight  uf  each  cartridge,  158  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge.    . 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Apr.  12 

Do 

Do 

Do 

Do 

Inches. 
3 
4 

5 
6 

7 

Exploded. 
Do. 
Do. 
Do. 
Do. 

Apr.  12 

Do 

Do 

Do 

Do 

Inches. 
9 
12 
10 
10 
10 

Exploded . 

Did  not  explode. 

Do. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  10  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as   Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Apr.  11. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Charge." 

Specific 
gravity. 

Grams. 

219 

0.98 

219 

.98 

219 

.98 

219 

.98 

219 

.98 

219 

.98 

219 

.98 

219 

.98 

219 

.98 

Height  of 
curve. 


Millimeters. 
31.25 
31.75 
31.75 
28.  75 
29.00 
29.00 
28.00 
28.50 
29.00 


Pressure 
per  square 
centimeter. 


Kilograms. 
97.66 
99.22 
99.22 
89.84 
90.62 
90.62 
87.50 
89.06 
90.62 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 

f  98. 70 


90.36 


a  Including  19  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C=108.13  kilograms  per  square  centimeter. 
V=15.000  cubic  centimeters.        S=0.98        W=219  grams. 

ATS 
M= -^=7.258  kilograms  per  square  centimeter  (103,230  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  19  Grams  of 

THE  Original  Wrapper. 


Date,  February  1,  1912. 
Solid 


[Analyst  A.  L.  Hydo.] 


Grams. 

10. 5 

Liquid  (water) 77.0 

Gaseous 120.  6 


78  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive.   * 
Charge,  109.5  grams." 


Date  (1912). 


Mar. 


Do. 
Do. 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Kilograms. 
81.95 
81.95 
81.95 


'C. 
0.700 
.719 
.690 


Heat  devel- 
oped per 
kilogram. 


Calories. 
589.9 
606.1 
581.4 


a  Including  9.5  grams  of  the  original  wTapper. 
Average  large  calories  per  kilogram  of  explosive,  592.5. 

Compression  of  Small  Lead  Blocks. 
Chaise,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Millimeters. 
63.25 
63.25 
63.50 

Millimeters. 
50.50 
51.00 
51.00 

Millimeters. 

12.75 

bo                           

12.  25 

Do                                    

12.50 

Average  compression,  12.5  millimeters  (0.49  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Cliarge,  10  grams. 


• 
Date  (1912). 

Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  11     ...                         - 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
267 
270 
265 

Cubic  centi- 
meters. 
204 
207 
202 

°C. 
15 

Do 

Do 

15 
15 

.\verage  expansion  of  bore  hole.  204  cubic  centimeters  (12.44  cubic  inches). 

COALITE  X. 

Explosive,  Coalite  X. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight.  174  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gra\'ity  of  cartridge  by  sand,  0.92. 

Color  of  explosive,  ecru. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


RESULTS   OF    TESTS. 

Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  10,  1912. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  225,     225,     225. 

Swing,  in  inches,  3.43,     3.42,     3.33. 

Average  swing,  in  inches,  3.39. 

3.39  :  3.40  :  :  225  :  (226). 
Therefore  the  unit  deflective  charge  of  Coalite  X  is  226  grams. 

Gas  and  Dust  Gallery  No.  1 . 
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Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
etliane. 

Result. 

Test  1. 
Jan. 11  

Grams. 
226 
226 
226 
226 
226 
226 
226 
226 
226 
226 

226 
226 
226 

Per  cent. 

8.42 
8.21 
7.93 
7.87 
8.20 
7.80 
7.79 
7.76 
7.91 
7.89 

No  imition. 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Jan.  22 

Do 

Do 

Do 

Jan.  23 

Do 

Do 

Test  4. 

Jan. 19 

Do 

Do 

Do 

Do 

Grams. 
226 
226 
226 
226 
226 
226 
226 

a  680 
0  680 
a  680 
0  680 
o680 

Per  cent. 

No  ignition. 

Do 

Do. 

Jan. 12 

Do. 

Do 

Do. 

Do 

Do. 

Do. 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Jan.  22  

4.26 
4.05 
3.92 
3.92 
4.13 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

n  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1\  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 

Distance 

between 

sparlc  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan.  12 

Millimeters. 
16.55 
15.90 
16.20 

Meters. 
44.5 
44.5 
44.5 

Meters. 
2,689 
2,799 

Do 

Do 

2,748 

Average  rate  of  detonation,  2,745  meters  (9,000  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Apr.  8. 
Do 
Do 


Height  of 
photograph. 


Millimeters. 
14.50 
15.00 
14.00 


Height  of 
flame. 


Inches. 
18.32 
18.95 
17.68 


Duration 
distance. 


Millimeters. 
7.75 
5.25 
7.00 


Duration  of 
flame. 


Milliseconds. 

0.388 

.262 

.350 


Average  height  of  flame,  18.32  inches. 
Average  duration  of  flame,  0.333  millisecond. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Date,  March  2,  1912. 


Distance  of 
faU. 

Number  of 
trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

Centimeters. 
15 
18 
20 
25 
30 

3 
2 
2 

1 
1 

Xo  explosion. 

Do. 

Do. 

Do. 
E.xplosion. 

Centimeters. 
25 
20 
18 
16 
17 

1 
1 
1 
1 
5 

Explosion. 

Do. 

Do. 
No  explosion. 

Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  17  centimeters 
(6.69  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  146  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Re.sult,  upper 
cartridge. 

Distance 

Date  (1912).       separating 

j    cartridges. 

Result,  upper 
cartridge. 

Apr.  13 

Do 

Do 

Inches. 

6 

8 
7 

Exploded. 
Did  not  explode. 
Do. 

Apr.  13 

Do 

Indies. 

7 
7 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  7  inches. 

Theoretical  MAxmuM  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  miUimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Apr.  10. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Apr.  11. 


Charge." 

Specific 
gravity. 

Grams. 

219 

0.92 

219 

.92 

219 

.92 

219 

.92 

219 

.92 

219 

.92 

219 

.92 

2)9 

.92 

219 

.92 

Height  of 
curve. 


Millimeters. 
30.00 
30.00 
30.  25 
27.00 
27.50 
27.50 
26.00 
26.00 
26.25 


Pressure 

per  square 
centimeter. 


Kilograms. 
93.75 
93.  75 
94.53 
84.38 
85.94 
85.94 
81.25 
81.25 
82.03 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
94. 01 

85.42 

81.51 


«  Including  19  grams  of  the  original  wrapper. 

P=l. 911  A+0.5B -1.4110=107.35  kilograms  per  square  centimeter. 

V=15.000  cubic  centimeters.         S=0.92.         W=219.0  grams. 

VPS 
M=-— -=6.765  kilograms  per  square  centimeter  (96,220  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  18  Grams  of 

THE  Original  Wrapper. 
(Analyst,  A.  L.  Hyde.] 
Date,  January-  31.  1912.  Grams. 

Solid 6.5 

Liquid  (water) 71.0 

Gaseous 132.  6 


RESULTS   OF    TESTS. 

Large  Calories  Developed  by  1  Kilogram  of  the 
Charge,  109.5  grams.a 

81 

Explosive. 

Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Mar.  6 

Do                                                                                 .... 

Kilograms. 
81.95 
81.95 
81.95 

1.126 
1.170 
1.  126 

Calories. 
953.6 
991.2 

Do 

953. 6 

a  Including  9.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  966.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  gram."?. 


Date  (1912). 


Height. 


Before 
explosion. 


After 
explosion. 


Compression. 


Apr.  9.. 
Do. 
Do. 


Millimeters. 
63.25 
6.3.25 
63.25 


Afillimeters. 
49.25 
49.50 
49.25 


Millimeters. 
14.00 
13.75 
14.  .00 


Average  compression,  13.9  millimeters  (0.55  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  10 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
326 
319 

318 

Cubic  centi- 
meters. 
263 
256 
255 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole.  258  cubic  centimeters  (15.74  cubic  inches). 

COALITE  NO.  2-D.  L. 

Explosive,  Coalite  No.  2-D.  L. 
Class  4,  nitroglycerin. 
Manufactured  by  the  Potts  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  154  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.89. 

Color  of  explosive,  com. 

Consistency,  fibrous,  fine,  dry,  very  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum  : 

Date,  October  28,  1910. 

Unit  swing  on  this  date,  3.15  inches. 

Weight  of  charge,  in  grams,  287,     287,     287. 

Swing,  in  inches,  3.40,     3.33,     3.30. 

Average  swing,  in  inches,  3.34. 

3.34  :  3.15  :  :  2.87  :  (271). 
Therefore  the  unit  deflective  charge  of  Coalite  No.  2-D.  L.  is  271  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Oct.  31 

Grams. 
271 
271 
271 
271 
271 
271 
271 
271 
271 
271 

271 
271 
271 

Per  cent. 
7.75 
7.90 

8.28 
8.04 
7.84 
7.97 
8.06 
7.85 
7.80 
7.87 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Nov.  1 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  2 

Do 

Do 

Do 

Do 

Gramx. 
271 
271 
271 
271 
271 
271 
271 

a  680 
1680 
1680 
a  680 
1680 

Per  cent. 

No  ignition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Nov.  1 

Do. 

Do 

Do 

Do 

Test  3. 

Nov.  1 

3.97 
3.99 
4.05 
4.07 
4.20 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance 

between 

spark 

points. 

Peripheral 
speed  of 

drum  per 
second. 

Rate  of 
detonation 
per  second. 

Jiljip.  13 

Millimeters. 
19.95 
19.70 
19.15 

^Tcters. 
44.0 
43.5 
44.0 

Meters. 
2,206 

Do 

2,208 
2,298 

Do 

Average  rate  of  detonation,  2,237  meters  (7,340  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

June  7 

Millimeters. 
9.25 
8.25 
11.50 

Inches. 
11.68 
10.42 
14.53 

Millimeters. 
4.50 
4.25 
6.00 

Milliseconds. 
0.225 

Do 

.213 

Do 

.300 

Average  height  of  flame,  12.21  inches. 
Average  duration  of  flame,  0.246  millisecond. 


Date,  June  7,  1911. 


BESULTS   OF    TESTS. 
Impact  Test. 
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Distance  of 
fall. 


Centimeters. 
20 
10 
16 

1.S 

17 
16 


Number  of 
trials. 


Result. 


Explosion. 
No  explosion. 

Do. 
Explosion. 

Do. 

Do. 


Distance  of 
fall. 


Number  of 
trials. 


Centimeters. 
15 
14 
13 
13 
12 
11 


Result. 


Explosion. 
Do. 

No  explosion. 
Explosion. 

Do. 
No  explosion. 


The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  143  grams. 


Date  (1911). 


i  May  29. 
Do. 
Do. 
Do. 


Distance 
separating 
cartridges. 


Inches. 
8 
6 
2 
4 


Result,  upper 
cartridge. 


Did  not  explode. 

Do. 
Exploded. 
Did  not  explode. 


Date  (1911). 


May  29 

June  1. 

Do 


Distance 
separating 
cartridges. 


Inches. 
3 
4 
4 


Result,  upper 
cartridge. 


Exploded. 
Did  not  explode. 
Do. 


The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


May  29. 

Do. 

Do. 

Do. 

Do. 

Do. 
May  31. 

Do. 

Do. 


Charge.o 

Specific 
gravity. 

Grams. 

220 

0.89 

220 

89 

220 

89 

220 

89 

220 

89 

220 

89 

220 

89 

220 

89 

220 

89 

Height  of 
curve. 


Millimeters 

21.75 

20.75 

21.50 

b  24.  50 

6  25.25 

b 24.  75 

fc24.50 

6  23.75 

b  24. 50 


Pressure 
per  square 
centimeter. 


Kilograms. 
67.97 
64.84 
67. 19 
61.25 
63.13 
61.88 
61.25 
59. 38 
61.25 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
66.67 

62.09 

60.63 


a  Including  20  grams  of  the  original  wrapper. 

b  Indicator  spring,  0.4  millimeter=  1  kilogram  per  square  centimeter. 

P=1.911A+0.5B  — 1.411C=72.90  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.         S=0.89.        W=220  grams. 

VPS 
M=-^Fr^=4,424  kilograms  per  square  centimeter  (62,930  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Exblosive  and  20  Grams  of 

THE  Original  Wrapper. 

(Analyst,  A.  L.  Hyde.] 


Date,  June  5,  1911. 
Solid 


Grams. 

80. 5 

Liquid  (water) 9.  7 

Gaseous 124.  6 


84  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large    Calories   Developed    by   1    Kilogram    of  the   Explosive. 
Charge,  110.0  grams. o 


Date  (1911). 


May  31. 
"Do. 
Do. 


Weight 
of  water. 


Kilograms. 
80.95 
80.95 
80.95 


Eise  in 
tempera- 
ture. 


'C. 
0.701 
.098 
.701 


Heat  devel- 
oped per 
kilogram. 


Calories. 
581. 0 
579.1 
581.6 


a  Including  10  grams  of  the  original  WTapper. 
Average  large  calories  per  kilogram  of  explosive,  580.8. 

Compression  of  Small  Lead  Blocks. 

Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Millimeters. 
63.25 

ej.oo 

63.25 

Millimeters. 
56.75 
56.  75 
56. 75 

Millimeters. 
6. 50 

Do 

6.25 

Do 

6.50 

Average  compression,  6.4  millimeters  (0.25  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1911). 

Before 

shot. 

After 
shot. 

ture  of 
block. 

Mar.  25 

Cubic  centi- 
meters. 
63 
63 
03 

Cubic  centi- 
meters. 
224 
220 
220 

Cubic  centi- 
meters. 
161 
157 
157 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  158  cubic  centimeters  (9.64  cubic  inches). 
COALITE  NO.  2-M,  L.  F. 

Explosive,  Coalite  No.  2-M,  L.  F. 
Class  4,  nitroglycerin. 
Manufactured  by  the  Potts  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  174.5  grams. 

Cartridge  had  not  been  redipped . 

Apparent  specific  gravity  by  sand,  1.01. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


KESULTS   OF    TESTS. 

Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  10,  1912. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  310,      310,     310. 

Swing,  in  inches,  3.42,     3.55,     3.53. 

Average  swing,  in  inches,  3.50. 

3.50  :  3.40  :  :  310  :  (301). 
Therefore  the  unit  deflective  charge  of  Coalite  No.  2-M,  L.  F.,  is  301  grams. 

Gas  and  Dust  Gallery  No.  1. 
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Weight 

Methane 

Weight 

Methane 

Date  (1912). 

of 

and 

Result. 

Date  (1912). 

of 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  1. 

Test  3— Con. 

Grams. 

Per  cent. 

Grams. 

Per  ceni. 

Jan.  16 

301 

8.31 

No  ignition. 

Jan. 24 

301 

No  ignition. 

Do 

301 

8.50 

Do. 

Do 

301 

Do. 

Do 

301 
301 
301 
301 
301 
301 

8.33 
8.38 
8.29 
8.23 
8.34 
8.12 

Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Do 

Do 

Do 

Do 

Do 

301 
301 
301 
301 
301 

Do. 

Jan.  17 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

301 

8.16 

Do. 

Test  4. 

Do 

301 

8.34 

Do. 

Jan.  18 

0  680 

4.09 

No  ignition. 

Test  3. 

Do 

oeso 

4.14 

Do. 

Do 

a  680 

3.99 

Do. 

Jan.  24 

301 

No  ignition. 

Do 

O680 

4.04 

Do. 

Do 

301 

Do. 

Do 

0  680 

4.03 

Do. 

Do. 

301 

Do. 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1\  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan.  11 

Millimeters. 
16.05 
15.70 
16.10 

Meters. 
44.5 
45.0 
45.0 

Meters. 
2,773 

Do 

2,866 
2,795 

Do 

Average  rate  of  detonation,  2,811  meters  (9,220  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  6 

Millimeters. 
14.00 
15.  75 
14.  75 

Inches. 

17.  (« 
19.89 

18.  C3 

Millimeters. 
7.25 
7.00 
7.50 

Milliseconds. 
0  362 

Do 

350 

Do 

375 

Average  height  of  flame,  18.73  inches. 
Average  duration  of  flame,  0.362  millisecond. 
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Date,  February  27,  1912. 


TESTS   OF    PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
faU. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

Centimeters. 

15 

No  explosion. 

19 

1 

E.xplosion. 

20 

Do. 

18 

1 

No  explosion. 

25 

Explosion. 

18 

1 

F^.x  plosion. 

23 

No  explosion. 

17 

3 

No  explosion. 

23 

Explosion. 

17 

1 

Explosion. 

22 

Do. 

16 

1 

Do. 

21 

Do. 

15 

2 

No  explosion. 

20 

Do. 

15 

1 

Explosion. 

19 

2 

No  explosion. 

14 

5 

No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimeters 
(5.51  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  162  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Apr.  4 

Do 

Do 

Do 

Apr.  5 

Inches. 

3 

2 
1 
2 
3 

Did  not  explode. 

Do. 
Exploded. 

Do. 
Did  not  explode. 

Apr.  5 

Do 

Do 

Do 

Do 

Inches. 

3 
4 
5 
5 
5 

Exploded. 

Do. 
Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  whi(>h  no  explosion  occm-s  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressuke  Gage. 
Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge,  a 

Specific 
gra\nty. 

Grams. 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

215 

1.01 

Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Apr.  8. 
Do 
Do 
Do 
Do 
Do 

Apr.  9. 
Do 
Do 


Millimeters. 
20.25 
21.00 
20.50 
20.00 
19.75 
20.00 
19.00 
19.50 
19.75 


Kilograms. 
63.28 
65.62 
64.06 
62.50 
61.72 
62.  50 
59.38 
60.94 
61.72 


Kilograms. 
64.32 

^  62.24 

60.68 


a  Including  15  grams  of  the  original  wrapper. 

P=1.911A-|-0.5B -1.4110=68.42  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.01.        W= 215  grams. 

VPS 
M=-— -=4,821  kilograms  per  square  centimeter  (68,570  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams 
of  the  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  January  12,  1912.  Grams. 

Solid ^ 70.1 

Liquid  (water) 4.6 

Gaseous 124.  4 


RESULTS    OF    TESTS. 

Large    Calories    Developed    by    1    Kilogram    of   the    Explosive. 
Charge,  107.5  orrams. « 
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Date  (1912). 


Mar.  2.. 
Do. 
Do. 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Kilograms. 
81.95 
81.95 
81.95 


0.704 
.730 
.711 


Heat  devel 
oped  per 
kilogram. 


Calories. 
604.3 
626.9 
610.4 


a  Including  7.5  grams  of  the  original  wrapper. 
Average  lai-ge  calories  per  kilogram  of  explosive,  613.9. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grains. 


Date  (1912). 


Apr.  9.. 

Do. 

Apr.  10. 


Height. 


Before 
explosion. 


Millimeter.'^. 
63.25 
63.25 
63.25 


After 
explosion. 


Millimeters. 
50.50 
50.75 
51.00 


Compression. 


Millimeters. 
12.75 
12. 50 
12. 25 


Average  compreasion,  12.5  millimeters  (0.49  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  10 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
226 
219 
223 

Cubic  centi- 
meters. 
163 
156 
160 

°  C. 

15 

Do 

15 

Do 

15 

Average  expanison  of  bore  hole,  160  cubic  centimeters  (9.76  cubic  inches). 

COALITE  NO.  3-X. 

Explosive,  Coalite  No.  3-X. 

Class  Ifl,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  187  grains. 

Cartridge  had  been  redipped . 

Apparent  specific  gravity  of  cartridge  by  sand,  1.08. 

Color  of  explosive,  corn. 

Consistency,  granular,  coarse,  dry,  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum- 
Date,  October  28,  1910. 
Unit  swinsr  on  this  date,  3.15  inches. 
Weight  of  charge,  in  grams,     267,     267,     267. 
Swing,  in  inches,     3.07,     3.04,     3.09. 
Average  swing,  in  inches,  3.07. 

3.07   :  3.15   :  :  267   :  (274). 
Therefore  the  unit  deflective  charge  of  Coalite  No.  3-X  is  274  grams. 

Gas  and  Dust  Gallery  No.  J. 


Weight 

Methane 

Weight 

Methane 

Dale  (1910). 

of 

and 

Result. 

Date  (1910). 

of 

and 

Result. 

charge. 

etliane. 

charge. 

ethane. 

Test  1. 

Test  3 — Con. 

Orains. 

Per  cent. 

Grams. 

Per  cent. 

Oct.  31 

274 

8.  1.5 

No  ignition. 

Nov.  2 

274 

No  ignition. 

Do 

274 

7.94 

Do 

274 



Do. 

Nov.  1 

274 

8.12 

Do. 

Do 

274 

Do. 

Do 

274 
274 
274 
274 
274 

8.12 
7.88 
8.00 
8.03 
8.08 

Do. 
Do. 
Do. 
Do. 
Do. 

Do 

Do 

Do 

Do 

274 
274 
274 
274 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

274 

8.02 

Do. 

Test  4. 

Do 

274 

7.76 

Do. 

Nov.  2 

a  680 

3.95 

No  ignition. 

Test  3. 

Do 

O680 

4.05 

Do. 

Do 

a  680 

4.04 

Do. 

Nov.  1 

274 

No  ignition. 

Do 

a  6,S0 

4.15 

Do 

Do 

274 

Do 

"  6S0 

3.91 

Do. 

Do 

274 

Do. 

o  fiSO  grams  or  more  was  used. 
Hate  of  Detonation. 


Diameter  of  cartridge,  I^  inches. 
Electric  detonator.  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Nov.  17 

Millimeters. 
19.29 
19.80 
19.40 

Meters. 
43.5 
43.0 
43.5 

Meters. 
2,255 
2  172 

Do 

Do 

2,242 

Average  rate  of  detonation,  2,223  meters  (7,290  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of      Duration 
flame.         distance. 

Duration  of 
flame. 

Feb.  19 

Millimeters. 

5.25 
5.00 
3.50 

Inches.      Millimeters. 
6.(53                1.50 
6. 32                1. 25 
4.42                1.00 

Milliseconds. 
0. 075 

Do 

Do 

Average  height  of  flame,  5.79  inches. 
Average  duration  of  flame,  0.062  millisecond. 


RESULTS   OF    TESTS, 
Impact  Test. 
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Date,  June  8,  1911. 


Distance  of 
faU. 

Number  of 
trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
IS 
14 

1 

1 

1 

Explosion. 

Do. 
No  explosion. 

Centimeters. 
15 
14 
13 

1 
1 
5 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  13  centime- 
ters (5.12  inches). 

Explosion-by-Influence  T:est. 

Weight  of  each  cartridge,  174  grams. 


Date(l9U;. 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

June  1 

Do 

<         Do 

Do 

Inches. 

G 
4 
2 
1 

Did  not  explode. 

Do. 

Do. 
Exploded. 

June  1 

Do 

Do 

Do 

Inches. 

2 
3 
3 
3 

Exploded. 

Did  not  explode. 

Do. 

Do. 

I'lie  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

I  Theoretic.\.l  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BxcHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


Charge." 


Specific 
gravity. 


Height  of 
curve. 


Pressure      ^,    ,; 
per  square     ^..j.f„„^ 
centimeter,    suriace. 


Average 

pressure 

per  square 

centimeter. 


Gra 


June  3 . , 

Do. 

Do. 
June  2-, 

Do. 

Do. 
May  31. 

Do. 

Do. 


ms. 
220 
220 
220 
220 
220 
220 
220 
220 
220 


1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
l.IO 


Millimeters. 
25. 50 
26.00 
25.75 
24.25 
24.00 
24.75 
23.00 
23.50 
23. 50 


Kilograms. 
79.69 
81.  25 
80.47 
75.78 
75.00 
77.32 
71.87 
73.44 
73.44 


Kilograms. 
80.47 

76.03 

72. 92 


a  Including  20  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=88.91  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.08.        W=220  grams. 

VPS 
M= -TFT- =6,547  kilograms  per  square  centimeter  (93,130  pounds  per  square  inch). 
W 

Products  of  Combustion  From  200  Grams  of  the  Explosive  and  20  Grams 
OF  THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  June  6,  1911. 
Solid 


Grams. 

44. 2 

Liquid  (water) 63.  0 

Gaseous 115.  2 


90  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  110.0  grams." 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


May  31. 

Junel.. 

Do. 


Kilograms. 
80.95 
80.95 
80.95 


°C. 
0.902 
.910 


Calories. 
750..6 
757.4 
745.6 


a  Including  10  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  751.2. 

Compression  of  Small  Lead  Blocks. 
Charge,  100gram.s. 


Dat«(1911). 

Height. 

!       Before 
explosion. 

After 
explosion. 

Compression. 

May  22 

Millimeters. 
63. 50 

Millimeters. 
51. 25 
51.50 
51.50 

Millimeters. 
12. 25 

Do           .  . 

63. 50 

1'.  00 

Do     

63. 50 

12.00 

Average  compression,  12.1  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Chaise,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Mar.  25 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
26S 
270 
275 

Cubic  centi- 
meters. 
205 
207 
212 

°C. 

15 

Do      

15 

Do 

15 

Average  expansion  of  bore  hole.  208  cubic  centimeters  (12.69  cubic  inches). 
COALITE  NO.  3-XA. 

Explosive,  Coalite  No.  3-XA. 

Class  lo,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  Co. 

Phy.'^ical  examination : 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge.  8  inches. 

Average  weight,  128  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand.  0.93. 

Color  of  explosive,  com. 

Consistency,  granular  with  white  crystals,  very  fine,  dry,  verj'  soft,  slightly 
cohesive. 


RESULTS 

OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  April  10,  1911. 

Unit  swing  on  this  date,  2.93  inches. 

Weight  of  charge,  in  grams,  274,     274,     274. 
*              Swing,  in  inches,  2.78,     2.78,     2.67. 

Average  swing,  in  inches,  2.74. 

2.74  :  2.93  :  :  274  :  (293). 

.       Therefore  the  unit  deflective  charge  of  Coalite  No.  3- 

XA  is  293  grams 

'                                                Gas  AND  Dust  Gallery  No.  1. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Apr.  14 

Do 

Do 

Apr.  15 

Do 

Do 

Do 

Do 

Do 

Do 

Test  3. 

Apr.  19 

Do 

Do 

Grams. 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 

Gram.^. 
293 
293 
293 

Per  cent. 
8.27 
8.09 
8.07 
8.07 
8.08 
8.10 
8.00 
8.21 
7.94 
7.97 

Per  cent. 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Apr.  19 

Do 

Grams. 
293 
293 
293 
293 
293 
293 
293 

Grams. 

O680 
0  680 
a  680 
a  680 
0  680 

Per  cent. 

No  ignition. 

Do 

Per  cent. 
3.98 
3.99 
3.80 
3.96 
4.07 

Do. 

Apr.  20 

Do. 

Do 

Do. 

Do 

Do 

Do. 
Do. 

Test  4. 
Apr.  21 

No  ignition. 

Do 

Do 

Do. 

Apr.  22 

Do. 

Do 

Do. 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation. 

Apr.  17 

Millimeters. 
14.16 
14.56 
14.91 

Meiers. 
46.00 
46.25 
46.25 

Meters. 

3,249 

Do 

3,177 

Do 

3,102 

Average  rate  of  detonation,  3,176  meters  (10,420  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan.  3 

Millimeters. 
14.50 
18.25 
18.50 

Inches. 
18.32 
23.05 
23.37 

Millimeters. 
8.00 
6.25 
7.25 

Milliseconds. 
0.400 

Do          

312 

Do  

362 

Average  height  of  flame,  21.58  inches. 
Average  duration  of  flame,  0.358  millisecc 
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Impact  Test. 
Date,  July  25,  1911. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Numbej  of 
trials. 

Kesult. 

CetUimelers. 
16 
14 

\ 

Explosion. 
No  explosion. 

Centimeters. 
15 

5 

No  explosion. 

The  niaxiimiiii  height  at  which  no  explosion  occurs  established  at  15  centimeters 
(5.91  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  150  grams. 


Date  (1912). 

Distance 
.separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Re'jult,  upper 
cartridge. 

Jan. 18 

Do 

Inches. 

2 

1 

Did  not  explode. 
Exploded. 

Jan.  IS 

Do 

Inches. 

2 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Charge.o 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Nov.  21 

Gram^. 
'^2\ 
221 
221 
221 
221 
221 
221 
221 
221 

Millimeters. 
0.93             24. 7.T 

Kilograms. 
77.34 
76.56 
74.22 
72.66 
76.56 
74.22 
70.31 
70.31 
71.87 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Nov.  22 

.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 

24.50 
23.75 
23.25 
24.50 
23.75 
22.50 
22.50 
23.00 

76. 04 

Do 

Nov.  14 

Do 

74  48 

Do 

Nov.  15 

Nov.  16 

70.83 

Do 

a  Including  21  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=82.61  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.93.        W=221  grams. 

VPS 
M=^^  =5,215  kilograms  per  square  centimeter. 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  21  Grams  of 

THE  Original  Wrapper. 


Date,  July  10,  1911. 
Solid 


[Analyst,  a.  L.  Hyde.] 


Grams. 

10. 1 

Liquid  (water) 63.  5 

Gaseous 128.  2 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  110.5  grams.o 


Date  (1911). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
opefl  per 
kilogram. 

Dec.  20 

Kilograms. 
81.9.5 
81.95 
81.95 

°C. 
0.92,5 

..SS4 
.908 

Calorirs. 
774  9 

Do 

740.2 

Do 

760.0 

a  Including  10.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  758.5. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Nov.  3      

MUlimeteTS. 
63.50 
63.50 
63.50 

MUlimeteTS. 
48.  75 
48.50 
49.00 

Millimeters. 
14  75 

Do 

15.00 

Do 

14.50 

Average  compression,  14.8  millimeters  (0.58  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Jan. 16 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
274 
274 
272 

Cubic  centi- 
meters. 
212 
212 
210 

°  C. 

Do  

17 

Do 

18 

.Average  expansion  of  bore  hole,  211  cubic  centimeters  (12.87  cubic  inches). 
COALITE  NO.  3-XB. 

Explosive,  Coalite  No.  3-XB. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  Co. 

Physical  examination  : 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  128  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.92. 

Color  of  explosive,  drab. 

Consistency,  granular  and  fibrous  with  white  crystals,  very  fine,   dry,  very 
soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  bj^  the  ballistic  pendulum: 

Date,  April  10,  1911. 

Unit  swing  on  this  date,  2.93  inches. 

Weight  of  charge,  in  grams,  293,     293,     293. 

Swing,  in  inches,  2.90,     2.95,     2.94. 

Average  swing,  in  inches,  2.93. 

2.93  :  2.93  :  :  293  :  (293). 
Therefore  the  unit  deflective  charge  of  C'oalite  No.  3-XB  is  293  grams. 

Gas  and  Dust  Gallery  No.  1 . 


Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Apr.  15 

Apr.  17 

Do 

Grams. 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 

293 
293 
293 

Per  cent. 
8.05 
8.11 
7.85 
8.13 
8.26 
8.08 
8.04 
8.16 
7.94 
8.07 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Apr.  20 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Apr.  22 

May  17 

Do 

Do 

Do 

Gravhi. 
293 
293 
293 
293 
293 
293 
293 

1680 
0  680 
0680 
0680 
0  680 

Per  cent. 

No  ignition. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Apr.  20. . . 

4.00 
4.08 
4.01 
4.00 
4.02 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do  . 





o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Apr.  17 

Millimeters. 
13.70 
13.  41 
12.70 

Meters. 
46.75 
46.75 
43.50 

Meters. 
3,412 

Do 

3,486 

Apr.  18 

3,425 

Average  rate  of  detonation,  3,441  meters  (11,290  feet)  per  second. 

.  Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Sept.  11 

Millimeters. 

5. 75 
11.00 
5.  75 

Inches. 

7. 26 
13.  89 
7.26 

Millimeters. 
1.75 
4.50 
1.25 

Milliseconds. 

0.875 

Do 

2.250 

Do 

.625 

Average  height  of  flame,  9.47  inches. 
Average  duration  of  flame,  1.25  milliseconds. 


RESULTS   OF   TESTS. 
Impact  Test. 
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Date,  July  25,  1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 

trials. 

Result. 

Centimeters. 
16 
18 
22 

1 
1 

1 

No  explosion. 

Do. 
Explosion. 

Centimeters. 
21 
21 
20 

1 
1 
5 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  20  centimeters 
(7.87  inches). 

Explosion-by-Inflxjence  Test. 
Weight  of  each  cartridge,  148  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  18 

Do 

Inches. 

2 

1 

Did  not  explode. 
Exploded. 

Inches. 

Jan.  18 2 

Do 2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Nov.9 

Grams. 
220 
220 
220 
220 
220 
220 
220 
220 
220 

0.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 

Millimeters. 
27.00 
26.25 
26.50 
24.00 
24.00 
23.00 
24.50 
24.00 
23.75 

Kilograms. 
84.37 
82.03 
82.81 
75.00 
75.00 
71.90 
76.56 
75.00 
74.23 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 
j 

Nov.  10 

I            83  07 

Do 

Do 

] 

Do 

}           73  97 

Do 

Do 

1 

Do 

>            75  26 

Do 

a  Including  20  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=89.54  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.92.        W= 220  grams. 

VPS 

M=-vn-=5. 617  kilograms  per  square  centimeter  (79,900  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  20  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  July  11,  1911. 
Solid 


Grams. 

18.  7 

Liquid  (water) G2.  5 

Gaseous 125. 1 


96  TESTS    OF    PERMISSIBLE    EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  110.0  grams. a 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Dec.  2.. 
Dec.  14. 
Dec.  27. 


Kilograms. 
81.95 
81.95 
81.95 


"C. 
0.912 
.927 
.948 


Calories. 
767.4 
780.1 
798.0 


a  Including  10  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  781.8. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Nov.  2 

MiUimeters. 
63.50 
63.50 
63.50 

MiUimeters. 
49.00 
48.75 
48.50 

MiUimeters. 
14.50 

Do                   

14.75 

Do               

15.00 

Average  compression,  14.8  millimeters  (0.58  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Sept.  12 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
287 
298 
294 

Cubic  centi- 
meters. 
224 
235 
231 

°C. 

15 

Do 

15 

Do                                          

15 

Average  expansion  of  bore  hole,  230  cubic  centimeters  (14.03  cubic  inches). 
COALITE  NO.  3-XC. 

Explosive,  Coalite  No.  3-XC. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Potts  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  169  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  ecru. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


RESULTS   OF   TESTS. 

Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  10,  1912. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  255,     255,     255. 

Swing,  in  inches,  3.50,     3.42,     3.48. 

Average  swing,  in  inches,  3.47. 

3.47  :  3.40  :  :  255  :  (250). 
Therefore  the  unit  deflective  charge  of  Coalite  No.  3-XC  is  250  grams. 

Gas  and  Dust  Gallery  No.  1. 
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Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Jan. 13 

Do 

Jan. 15 

Grams. 
250 
250 
250 
250 
250 
250 
250 
250 
250 
250 

250 
250 
250 

Per  cent. 
8.21 
8.22 
8.00 
8.23 
8.50 
8.25 
8.14 
7.99 
7.92 
8.11 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 

Do. 

Test  3— Con. 

Jan.  23 

Do 

Do 

Do 

Jan.  24 

Do 

Do 

Test  4. 

Jan.  18 

Do 

Do 

Do 

Do 

Grams. 
250 
250 
250 
250 
250 
250 
250 

a  680 
a  680 
a  680 
O6S0 
1680 

Per  cent. 

No  ignition. 
Do. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Jan.  23 

4.20 
4.14 
4.07 
4.03 
4.00 

No  ignition. 

Do! 
Do. 

Do 

Do 

Do. 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1\  inches. 
Electric  detonator,  No.  7. 

Date  (1912). 

Distance 

between 

sparlc  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan. 11 

Millimeters. 
17.40 
17.60 
17.65 

Meters. 
44.5 
44.0 
45.0 

Meters. 
2,557 

Do.... .      . 

2,500 

Jan. 12 

2,550 

Average  rate  of  detonation,  2,536  meters  (8,320  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  8 

Millimeters. 
13.50 
13.75 
13.50 

Inches. 
17.05 
17.37 
17.05 

Millimeters. 
5.00 
6.00 
7.25 

Milliseconds. 
0.250 

Do 

.    .300 

Do 

.362 

Average  height  of  flame,  17.16  inches. 
Average  duration  of  flame,  0.304  millisecond. 
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Date,  February  27,  1912. 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 


Centimeters. 
15 
15 


Number  of 
ti ials. 


Result. 


No  explosion. 
Explosion. 


Distance  of 
fall. 


Centimeters. 
13 
14 


Number  of 
trials. 


Result. 


No  explosioa. 
Do. 


The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimeters 
(5.51  inches). 

Explosion-by-Influence  Test. 

We.ight  of  each  cartridge,  150  grams. 


Distance 

Date  (1912).      separating 

cartridges. 


Apr.  17. 
Do. 
Do. 
Do. 


Inches. 


Result,  upper 
cartridge. 


Did  not  explode. 
Do. 
Do. 
Do. 


Date  (1912). 


Apr.  17. 
Do. 
Do. 
Do. 


Distance 
separating 
cartridges. 


Inches. 


Result,  upper 
cartridge. 


Did  not  explode. 

Do. 
Exploded. 
Did  not  explode. 


The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge.a 

Specific 
gravity. 

Grams. 

221 

0.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

221 

.93 

Height  of  i  Pressure 
ojive  per  square 
^^"■^^       centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Apr.  10. 

Do. 

Do. 
Apr.  9.. 

Do. 

Do. 

Do. 

Do. 

Do. 


Millimeters. 
27.25 
27.25 
27.25 
25.50 
26.50 
25.75 
27.00 
27.75 
27.00 


Kilograms. 
So.  Ki 
So.  16 
85.  16 
79.69 
82.81 
80.47 
84.38 
86.72 
84.38 


Kilograms. 

85.16 


80.99 


a  Including  21  grams  of  the  original  wrapper. 

P=1.911A-f-0.5B  — 1.4110=83.08  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.93.         W=221.0  grams. 

VPS 
M=— ^  =5,244  kilograms  per  square  centimeter  (74,590  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  21  Grams  of 

the  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  January  31,  1912. 
Solid 


Grams. 

10. 8 

Liquid  (water) 69.  0 

Gaseous 129.  8 


RESULTS    OF    TESTS. 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  110.5  grams. « 


Date  (1912). 


Weight 
of  water. 


Rise  in 

tempera- 

tiire. 


Heat  devel- 
oped per 
kilogram. 


liar.  5.. 
Do. 

Mar.  C. 


Kilograms. 
81.95 
81.95 
81.95 


°C. 
1.296 
1.316 
1.346 


Calories. 
1,088.9 
1,105.8 
1,131.1 


a  Including  10.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  tlie  explosive,  1,108.6. 
Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 


Height. 


Before 
explosion. 


After 
explosion. 


Compression. 


Apr.  9.. 
Do. 
Do. 


Millimeters. 
63.50 
63.50 
63.25 


Millimeters. 
51.25 
51.00 
50.75 


Millimeters. 
12.25 
12.50 
12.50 


Average  compression,  12.4  millimeters  (0.49  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 


Apr.  10, 
Do. 
Do. 


Volume  of  bore  hole. 


Before 
shot. 


Cubic  centi- 
meters. 
63 
63 
63 


After 
shot. 


Cubic  centi- 
meters. 
317 
310 
309 


Expansion 

of  bore 

hole. 


Cubic  centi- 
meters. 
254 
247 
246 


Tempera- 
ture of 
block. 


Average  expansion  of  bore  hole,  249  cubic  centimeters  (15.19  cubic  inches). 

COAL  SPECIAL  NO.  2-W. 

Explosive,  Coal  special  No.  2-W. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Keystone  National  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8|  inches. 

Average  weight,  179  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  l)y  sand,  1 .08. 

Color  of  explosive,  corn. 

Consistency,  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  ])y  the  ballistic  pendulum: 

Date,  October  13,  1910. 

Unit  swing  on  this  date,  3.28  inches. 

Weight  of  charge,  in  grams,  290,     290,     290. 

Swing,  in  inches,  3.35,     3.45,     3.52. 

Average  swing,  in  inches,  3.44. 

3.44  :  3.28  :  :  290  :  (277). 
Therefore  the  unit  deflective  charge  of  Coal  special  No.  2-W  is  277  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date  (1910). 

of 

and 

Result. 

Date  (1910). 

of 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  1. 

Test  3-Con. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

Oct.  13 

277 

7.83 

No  ignition. 

Oct.  18 

Til 

No  ignition.    ; 

Do 

277 

7.80 

Do. 

Do 

277 

Do. 

Do 

277 

7.81 

Do. 

Do 

277 

Do. 

Oct.  14   . 

277 
277 
277 
277 
277 

7.95 
7.94 
8.04 
7.80 
7.92 

Do. 
Do. 
Do. 
Do. 
Do. 

Do 

Do 

Do 

Do 

277 
277 
277 
277 

Do. 
Do. 
Do. 
Do. 

Do 

Do 

Do 

Do 

Do 

277 

7.92 

Do. 

Test  4. 

Do 

277 

7.92 

Do. 

Oct.  20 

a  080 

3.96 

No  ignition. 

Test  3. 

Do 

0  680 

3.95 

Do 

0  680 

4.15 

Do. 

Oct.  18 

277 

No  ignition. 

Do 

O680 

4.04 

Do. 

Do 

277 

Do. 

Do 

a  680 

4.13 

Do. 

Do 

277 

Do. 

0  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Oct.  20 

Millimeters. 
12.40 
12.30 
12.23 

Meters. 
43.5 
43.5 
43.5 

Meters. 
3,508 

Oct.  26 

3,537 

Do 

3,557 

Average  rate  of  detonation,  3,534  meters  (11,590  feet). per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

June  6 

Millimeters. 
14.25 
16.00 
13.00 

Inches. 
18.00 
20.21 
16.42 

Millimeters. 
5.75 
6.00 
5.  75 

Milliseconds. 
0.288 

Do 

.300 

Do 

.288 

Average  height  of  flame,  18.21  inches. 
Average  duration  of  flame,  0.292  millisecond. 


Date,  May  19,  1911. 


RESULTS   OF    TESTS. 
Impact  Test. 
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Distance  of 
fall. 


Centimeters. 
20 
12 


Number  of 

trials. 


Result. 


Explosion. 

Do. 
No  explosion. 


Distance  of 

fall. 


Centimeters. 
10 
11 


Number  of 
trials. 


Result. 


No  explosion. 
Do. 


The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

Explosiox-by-Influence  Test. 

Weight  of  each  cartridge,  174  grams. 


Date  (1911). 


May  13 
Do 
Do 

May  15 
Do 
Do 


Distance 
separating 
cartridges. 


Inches. 


Result,  upper 
cartridge. 


Date  (1911). 


Did  not  explode. 

Do. 
Exploded. 

Do. 

Do. 
Did  not  explode. 


May  15 
Do 
Do 
Do 
Do 
Do 


Distance 
separating 
cartridges. 


Inches. 


Result,  upper 
.    cartridge. 


Exploded. 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Do. 

Do. 


The  minimum  distance  at  which  no  explosion  occurs  established  at  9  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


Charge,  a 

Specific 
grstvity. 

Grams. 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

214 

1.08 

Height  of  Pressure 
CTjFve  per  square 
^^^*=-      'centimeter. 


.Vverage 
Cooling      pressure 
surface,     per  square 
centimeter. 


Mav  10. 
"Do. 

Do. 
May  11. 

Do. 

Do. 

Do. 

Do. 

Do. 


Millimeters 
25.50 
25.75 
25.75 
23.50 
24.00 
23.75 
24.00 
23.75 
24.25 


Kilograms. 
63.75 
64.38 
64.38 
58.75 
60.00 
59.38 
60.00 
59.38 
60.62 


Kilograms. 
I  64. 17 


59.38 


o  Including  14  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=67.66  kilograms  per  square  centimeter. 

V=15, 000  cubic  centimeters.        S=1.08.        W=214  grams. 

VPS 
M=-^ry^  =5,122  kilograms  per  square  centimeter  (72,860  pounds  per  square  inch). 

Products  of  Combustion  From  200  Grams  op  the  Explosive  and  14  Grams  of 

the  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.) 


Date,  May  24,  1911. 
Solid 


Grams. 

69. 0 

Liquid  (water) 9.  4 

Gaseous 121.  8 


102  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  107.0  grams." 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  deve' 
oped  per 
kilogram. 


May  24. 

May  25. 

Do. 


hilograms. 
80.95 
80.95 
80.95 


'C. 
0.811 
.806 
.807 


Calories 
09;}.  1 

688.  t 
689 


a  Including  7  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  690.5. 

Compression  of  Small  Lead  Blocks. 

Charge,  100  grams. 


Date  (1911). 


Height. 


Before 
explosion. 


After 
explosion. 


Compression. 


May  20. 
Do. 
Do. 


Millimeters. 
63.50 
63.50 
63.50 


Afillimeters. 
47.75 
47.75 
47.75 


Millimeters. 
15.75 
15.751 
15.75 


Average  compression,  15.8  millimeters  (0.62  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Mar.  23 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
220 
218 
220 

Cubic  centi- 
meters. 
157 
155 
157 

"C. 
15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  156  cubic  centimeters  (9.52  cubic  inches). 
COAL  SPECIAIi  NO.  3-C. 

Explosive,  Coal  special  No.  3-C. 

Class  4,  Nitroglycerin. 

Manufactured  by  the  Keystone  National  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  185  grams. 

Cartridge  had  not  been  redipped . 

Appareoit  specific  gravity  of  cartridge  by  sand,  1.12. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine-,  clry,  soft,  moderately  cohesive. 


RESULTS   OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  November  3,  1909. 

Unit  swing  on  this  date,  3.06  inches. 

Weight  of  charge,  in  grams,  300,     300,     300. 

Swing,  in  inches,  3.19,     3.17,     3.22. 

Average  swing,  in  inches,  3.19. 

3.19  :  3.06  :  :  300  :  (288). 
Therefore  the  unit  deflective  chaise  of  Coal  special  No.  3-C  is  288  grams. 

Gas  and  Dust  Gallery  No.  1. 


Dale  (1909). 


Te,st  1. 

iov.  5. . . . 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 
^ov.  6 

Do.... 

Do. . . . 

Test  3. 

■fov.  8 

Do.... 
Do.... 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

288 

8.26 

288 

8.26 

288 

8.26 

288 

8.43 

288 

8.43 

288 

8.26 

288 

8.26 

288 

8.26 

288 

8.43 

288 

8.43 

288 

288 
288 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Test  3— Con. 
Nov.  8 

Grams. 
288 

288 
288 
288 
288 
288 
288 

o680 
a  680 
o680 
a  680 
"680 

Per  cent. 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  8 

Do 

Nov.  9 

Do 

Do 

3.77 
3.95 
3.95 
4.07 
4.13 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


o  680  grams  or  more  was  used. 

Rate  op  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 

Distance 

between 

spark  points. 

Peripheral 

.speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Mov.  5 

Afillimeters. 
14.11 
14.72 
14.51 

Afeters. 
43.0 
43.0 
43.0 

Meters. 
3,047 
2,921 

Do 

Nov.  6 ... 

2,963 

Average  rate  of  detonation,  2,977  meters  (9,760  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


i>-t«(i9io)-                pES^pL 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Sept.  21 

Do 

MiUimeters . 
12.25 
12.50 
11.25 

Inches. 
15.47 
15.79 
14.21 

Millimeters. 
4.75 
4.75 
4.50 

Milliseconds. 

0.238 

.238 

Do 

.225 

Average  height  of  flame,  15.16  inches. 
Average  duration  of  flame,  0.234  millisecond. 
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TESTS   OF   PEKMISSIBLE   EXPLOSIVES. 

Impact 

Test. 

Date,  June  24,  1910. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
22 
24 
26 
2.5 
25 

No  explosion. 

Do. 

Do. 
Explosion. 
No  explosion. 
Explosion. 

Centimeters. 
24 
22 
22 
21 
21 
20 

1 
1 
1 
2 
1 
4 

Explosion. 

No  explosion. 
Kxplosion. 
No  explosion. 
Kxplosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  20  centimeter 

(7.87  inches). 

Explosion-by-Influenck  Test. 

Weight  of  each  cartridge,  180  grams. 


Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1910). 

Distance 
separating 
cariiridges. 

Result,  upper 
cartridge. 

July  16 

Do 

Inches. 

10 
9 

Did  not  explode. 
Exploded. 

July  16 

July  18 

Inches. 

10 
10 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  10  inches. 

Theoretical  Maximum  Pressure  Developed  in   Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimeter=l  kilogram  per  square  centimeter. 


Date  (1910). 


June  16. 

Do.. 

Do.. 
Sept.  14. 

Do.. 
Sept.  16. 

Do.. 

Do.. 
Sept.  24. 


Charge." 

Specific 
gravity. 

Grams. 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

213 

1.12 

Height  of 
curve. 


Millimeters 
27.00 
26.75 
27.00 
2R.  25 
25.  50 
25.50 
24.  .50 
25.00 
25.25 


Pressure 
per  square 
centimeter. 


Kilograms. 
67.50 
66. 88 
67.50 
65.  62 
63.75 
63.75 
61.25 
62.  .50 
63.12 


Cooling 
surface. 


.\verage 

pre.ssure 

per  square 

centimeteri 


Kilograms. 

67.28 

64.3? 
62.28 


o  Including  13  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C=72.88  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.12.        W=213  grams. 

VPS 
M=--nfi-  =5,748  kilograms  per  square  centimeter  (81,760  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  oi 

the  Original  Wrapper. 


Date,  June  22,  1910. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

79. 8 

Liquid  (water) 13.  2 

Gaseous Hg.  g 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106.5  grams. a 


-I 

Date  (1910). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Tune  13 

A  iloqrams. 
81.95 
81.95 
81.95 

0.773 
.796 
.775 

Calories. 
670  6 

June  14 

690  8 

Do 

672.3 

a  Including  0.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  677.9. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 

Date  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  12                   .                      

Millimeters. 
68.00 
63.00 
63.00 

Millimeters. 
51.00 
51.00 
50.75 

Millimeters. 
12.00 

Do 

12.00 

Do 

12.25 

Average  compression,  12.1  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 

Date  (1910). 

\'olume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

June  2 

Cubic  centi- 
meters. 
63 
63 
a3 

Cubic  centi- 
meters. 
226 
213 
223 

Cubic  centi- 
meters. 
163 
150 
160 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  158  cubic  centimeters  (9.64  cubic  inches). 

COLLIER  POWDER  B,  N.  F. 

Explosive,  Collier  ])owder  B,  N.  F. 
Class  la,  ammonmm  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  168  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.99. 

Color  of  explosive,  drab. 

Consistency,  granular  and  iibrous,  fine,  dry,  soft,  moderately  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  ballistic  pendulum 
Date,  January  2,  1913. 
Unit  smng  on  this  date,  3.40  inches. 
Weight  of  charge,  in  grams,  230,     230,     230. 
Swing,  in  inches,  3.51,     3.43,     3.52. 


Average  swmg,  m  mcnes,  ci.4y. 

3.49   :  3.40 
Therefore  the  unit  deflective  charge  of ,(. 

Gas  and  Dust 

:  230  :  (224). 
oilier  powder  B,  N.  F.,  is  224 

Gallkry  No.  1. 

grams. 

Date  (1913). 

Weight 

of 
cliarge. 

Methane 

and 
ethane. 

Result. 

Date  (1913). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Jan.  6 

Grams. 

224 
224 
224 
224 
224 
224 
224 
224 
224 
224 

224 
224 
224 

Per  cent. 

7.88 
7.94 
8.13 
7.90 
8.03 
8.24 
8.16 
7.99 
7.81 
7.76 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Jan.  10 

Do 

Jan. 11 

Do 

Do 

Do 

Do 

Test  4. 

Jan.  8 

Do 

Do 

Do 

Do 

Grams. 
224 
224 
224 
224 
224 
224 
224 

a  680 
O680 
O680 
OG80 
a  680 

Per  cent. 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 

Do! 

Do.              1 

Do. 

Jan.  7 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  3. 

Jan. 10 

3.93 
4.11 
4.00 
3.99 
3.94 

Do 

Do 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1913). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan.  7 

Millimeters. 
12.60 
12.40 
12.75 

Meters. 
42.0 
42.0 
42.0 

Meters. 

3,333 
3,387 
3,294 

Jan.  8 

Jan.  14 

Average  rate  of  detonation,  3,338  meters  (10,950  feet)  jjer  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of      Duration 
flame.         distance. 

Duration  of 
flame. 

Feb.  20 

Millimeters. 
10.50 
9.75 
10.50 

Inches.       Millimeters. 
13.26               6.25 
12.32  i              6.50 
13. 26                6. 75 

Milliseconds. 

0.312 

.325 

.338 

Do 

Do 

Average  height  of  flame,  12.95  inches. 
Average  duration  of  flame,  0.325  millisecond. 


Tate,  March  4,  1913. 

RESULTS    OF    TESTS. 
Impact  Test. 

* 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

30 
■       38 

34 

36 
-      37 

37 

36 

36 

No  explosion. 
E.xplosion. 
No  explosion. 

Do. 

Do. 
Explosion. 
No  explosion. 
Explosion. 

Centimeters. 
35 
35 
34 
33 
33 
32 
32 
31 

3 
1 
1 
2 
1 
3 
1 
5 

No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  31  centimeters 
"  ;i2.20  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  159  grams. 

Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  26 

'       Do 

Inches. 

4 
3 

Did  not  explode. 
Exploded. 

Feb.  26 

Do 

Inches. 

4 
4 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.24  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

Charge." 

Specific 

gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

.Vverage 

pressure 

per  s(|uare 

centimeter. 

Feb.  14 

Grams. 
217 
217 
217 
217 
217 
217 
217 
217 
217 

0.99 
.99 
.99 
.99 
.99 
.99 
.99 
.99 
.99 

Millimeters. 
23.25 
22.75 
23.25 
22.75 
22.75 
22.75 
22.00 
22.  .50 
22.25 

Kilograms. 

96.88 
94.79 
96.  88 
94.79 
94.79 
94.79 
91.67 
93.  75 
92.71 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 
) 

Feb  15 

\           96. 18 

Do 

Do 

[           94. 79 

Feb.  18 

Do 

Do 

1 

Do 

Do.   . 

[           92. 71 

a  Including  17  grams  of  the  original  wrapper. 

P=1.91lA+0.r)B-  1.411(J=1()0.38  kilograms  per  square  centiiuetcr. 

V=15,000  cubic  centimeters.         S=0.99.        \V=217  grams. 

VPS 
M=-^r^=6,8G9  kilograms  per  sf}uare  centimeter  (97,700  ]iounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  17  Grams  of 

THE  Oricinal  Wrapper. 


Date,  January  IG,  1913. 
Solid , 


[Analyst,  A.  L.  Hyde.] 


Grams. 

21.2 

Liquid  (water) 59.  5 

Gaseous 129.  5 
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Lauge  Calories  Developed  by  1  Kilogram  of  the 
Charge,  108.5  grams.o 

Explosive. 

Date  (1913). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  dev( 
oped  per 
kilogram. 

Feb.  14                ' 

Kilograms. 
81.95 
81.95 

"C. 
1.135 
1.139 
1.119 

Calories. 
970. 

Feb.  15 

973. 

Do                      

81.95 

956. 

a  Including  8.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  966.7. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1913). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression 

Feb.  25                       

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
49.00 
49.50 
49.50 

Millimeters. 
14.5 

Do 

14-01 

Mar.  18                                        

14.01 

Average  compression,  14.2  millimeters  (0.56  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1913). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
315 
310 
305 

Cubic  centi- 
meters. 
252 
247 
242 

"C. 
1 

Do 

1 

Do 

1 

Average  expansion  of  bore  hole,  247  cubic  centimeters  (15.07  cubic  inches). 

COLLIER  POWDER  KN. 

Explosive,  Collier  powder  KN. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  l)j'  the  Keystone  National  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1}  inches. 

Length  of  cartridge,  8  inches. 

Average  weight.  137  grams. 

Two  inches  of  one  end  of  cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.99. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  tine,  dry,  soft,  slightly  cohesive. 


RESULTS   OF    TESTS. 

Unit  deflective  charge  as  determined  by  ballistic  pendulum: 
Date,  June  3,  1912. 
Unit  swing  on  this  date,  3.27  inches. 
Weight  of  charge,  in  grams,  225,     225,     225. 
•   Swing,  in  inches,  3.32,     3.36,     3.26. 
Average  swing,  in  inches,  3.31. 

3.31   :  3.27   :  :  225   :  (222). 
Therefore  the  unit  deflective  charge  of  Collier  powder  KN  is  222  grams. 

Gas  and  Dust  Gallery  No.  1. 


109 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
1  June  4 

Grams. 
222 
222 
222 
222 
222 
222 
222 
222 
222 
222 

222 
222 
222 

Per  cent. 
8.21 
7.81 
8.12 
8.08 
7.94 
8.37 
8.00 
7.79 
8.32 
8.27 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

June  6 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

June  5 

June  6 

Do 

Do 

Do 

Grams. 
222 
222 
222 
222 
222 
222 
222 

0  680 
o680 
o6S0 
0  680 
O680 

Per  cent. 

No  imitlon. 

~l         Do 

J,      Do 

Do. 

■■  K:::::;: 

Do. 

Do. 

n        Do. 

Do. 

June  5 

Do. 

Do 

Do 

Do 

Test  3. 

June  6 

Do 

Do 

4.17 
4.07 
4.18 
4.18 
4.07 

No  ignition. 

Do.' 
Do 

Do 

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 


Distance 

between 

spark  points. 


Peripheral 

speed  of  dnim 

per  second 


Rate  of 
detonation 
per  second. 


June  7. 
Do 
Do 


Millimeters. 
12.35 
12.75 
12.35 


Meters. 
44.0 
44.5 
44.0 


Meters. 
3,563 
3,490 
3,563 


Average  rate  of  detonation,  3,539  meters  (11,610  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Sept.  5. 
Sept.  13 
Do. 


Height  of 
photograph. 


Millimeters. 
4.50 
6.60 
8.50 


Height  of 
flame. 


Inches. 
5.68 
8.21 
10.74 


Duration 
dijtance. 


Millimeters. 
1.25 
1.50 
1.50 


Duration  of 
flame. 


Milliseconds. 

0.062 

.075 

.075 


Average  height  of  flame,  8.21  inches. 
Average  duration  of  flame,  0.071  millisecond. 
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Date,  August  20,  1912. 


TESTS    OF    PERMISSIBLE    EXPLOSIVES. 
Impact  Test. 


Distance  of 
faU. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

40 

-  20 

30 

27 

1 
1 

1 
1 

Explosion. 
No  explosion. 
Explosion. 
Do. 

Centimeters. 
26 
25 
24 

1 

1 
5 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  24  centimeters  1 
(9.45  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  159  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.  9 

Do 

Inches. 

3 
4 

Exploded. 

Did  not  explode. 

1 

Sept.  9 

Do 

Irwhcs. 

4 
4 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Aug.  26. 

Do.. 
Aug.  27. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 

Do.. 


Charge." 


Grams. 
216 
216 
216 
216 
216 
216 
216 
216 
216 


Specific 
gravity. 


0.99 
.99 
.99 


Height  of 
curve. 


Millimeters. 
32.75 
33.75 
33.50 
30.00 
30.2.5 
29.75 
29.2.5 
29.50 
30.  .50 


Pressure    '  n„„i; 

ner  snnnre  '  Cooling 

per  square  ,  „,,rf„pp 

centimeter.'  ^uriace. 


Kilograms. 
102. 34 
105. 47 
104.69 
93.75 
94.  ,53 
92.97 
91.41 
92. 19 
95. 31 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
104. 17 

93. 75 

92. 97 


"  Including  16  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=114.76  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.99.        W=216  grains. 

VPiS 
M=         =7,890  kilograms  per  square  centimeter  (112,220  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  16  Grams  of 

the  Original  Wrapper. 


(Analyst,  A.  L.  Hyde.] 


Date,  June  13,  1912. 
Solid 


Grams. 

4.0 

Liquid  (water) 71. 5 

Gaseous ! 126. 0 


EESULTS   OF   TESTS. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  108.0  grams. « 


111 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Sept.  23. 
Do.. 

Sept.  25. 


Isilograms. 
81.95 
81.95 
81.95 


1.250 
1.279 
1.229 


Calories. 
1,074.2 
1,099.4 
1,056.0 


a  Including  8.0  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  1,07().5. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 


Height. 


Before 
explosion. 


.\fter 
explosion. 


Compression. 


;  Sept.  23. 
Do.. 
'  Sept.  24. 


Millimeters. 
63.25 
63.25 
63.25 


Millimeters. 
45.00 
45.00 
44.75 


Millimeters. 
18.25 
18.25 
18.50 


Average  compression,  18.3  millimeters  (0.72  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
•shot. 

After 
shot. 

ture  of 
block. 

Oct.  17 

Cubic  centi- 
meters. 
62 
62 
63 

Cubic  centi- 
meter,1. 
336 
326 

328 

Cubic  centi- 
meters. 
274 
264 
265 

"C. 

15 

Do     

15 

Dec.  17 

15 

Average  expansion  of  bore  hole,  268  cubic  centimeters  (16.35  cubic  inches). 
COLLIER  POWDER  NO.  X. 

Explosive,  Collier  powder  No.  X. 
Class  Irt,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  148  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  15,  1910. 

Unit  swing  on  this  date,  3.18  inches. 

Weight  of  charge,  in  grams,  265,     265,     265. 

Swing,  in  inches,  3.04,     3.05,     3.18. 

Average  swing,  in  inches,  3.09. 

3.09  :  3.18  :  :  265  :  (273). 
Therefore  the  unit  deflective  charge  of , Collier  powder  No.  X  is  273  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 


Test  1. 

Aug.  18... 

Do... 

Do.... 

Do.... 

Do... 

Do... 

Do.... 
-\iig.  24... 

Do.... 

Do.... 

Test  3. 

Aug.  19... 
Do.... 
Do.... 


Weight 

Methane 

of 

and 

oharge. 

ethane. 

Grams. 

Per  cent. 

273 

7.90 

273 

8.06 

273 

8.18 

273 

7.90 

273 

8.04 

273 

7.90 

273 

8.16 

273 

8.05 

273 

7.90 

273 

8.25 

273 

273 

273 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1910). 


Test  3— Con. 

Aug.  19 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  22 

Aug.  23 

Do 

Do 

Aug.  27 


Weight 

of 
charge. 

Methane 

and 
ethane. 

Grams. 
273 
273 
273 
273 
273 
273 
273 

O680 
a  680 
0  680 
0  680 
0  680 

Per  cent. 

4.10 
4.01 
4.10 
4.10 
4.05 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


Rate  of 
detonation 
per  second. 


Aug.  24 
Aug.  30 
Aug.  31 


Millimeters. 

17.78 
18.78 
17.99 


Meters. 
43.0 
43.5 
43.5 


Meters. 
2,41: 
2,311 
2,41i 


Average  rate  of  detonation,  2,384  meters  (7,820  feet)  per  second. 

Flame  Test. 
Peripheral  s])eed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  13 

Millimeters. 
9.00 
13.25 
11.00 

Inches. 
11.37 
16.74 
13.90 

Millimeters . 
4.00 
5.00 
4.25 

Milliseconds. 
0. 20( 

Do 

.25 

Do 

.21 

Average  height  of  flame,  14  inches. 
Average  duration  of  flame,  0.221  millisecond. 


Date,  February  1,  19ll. 


RESULTS   OF    TESTg; 
Impact  Test. 
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Distance  of 
fall. 


Centimeters. 
18 
17 

17 


Number  of 
trials. 


Result. 


Explosion. 
No  explosion. 
Explosion. 


Distance  of 
fall. 


Centimeters. 
16 
16 

15 


Number  of 
trials. 


Result. 


No  explosion. 
Explosion. 
No  explosion. 


The  maximum  height  at  which  no  explosion  occurs  established  at  15  centimeters 
'5.91  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  171  grams. 


Date  (1911). 


Feb. 11. 
Do. 
Do. 


Distance 
separating 
cartridges. 


Inches. 


Result,  upper 
cartridge. 


Did  not  explode. 

Do. 
Exploded. 


Date  (1911). 


Feb.  11. 
Do. 


Distance 
separating 
cartridges. 


Result,  upper 
cartridge. 


Did  not  explode. 
Do. 


The  minimum  distance  at  which  no  explosion  occurs  established  at  2inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Feb.  4.. 

Do. 
Feb.  6.. 

Do. 
Feb.  7.. 

Do. 
Feb.  6.. 

Do. 
Feb.  7.. 


Date  (1911). 


Charge.a 

Specific 
gravity. 

Grams. 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

218 

1.06 

Height  of 
curve. 


Millimeters. 
30.20 
30.50 
30.40 
28.75 
28.00 
28.75 
26.75 
27.  25 
26.50 


Pressure  n^^M^„ 
per  square  C°°/™2 
centimeter,    suriace. 


Kilograms. 
94.40 
95.30 
95.00 
89.84 
87.50 
89.84 
83.59 
85.15 
82.81 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
y  94.90 


a  Including  18  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=107.57  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.06.        W==218  grams. 


M= 


VPS 
w  " 


=7,846  kilograms  per  square  centimeter  (111,600  pounds  per  square  inch). 


Products  op  Combustion  from  200  Grams  of  the  Explosive  and  18  Grams  op 

the  Original  Wrapper. 


[.Vnalyst,  A.  L.  Hyde.] 


Date,  September  12,  1910. 
Solid 


Grams. 

17. 0 

Liquid  (water) 77.  0 

Gaseous 103.  3 
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114  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  109.0  grams. « 


Date  (1911). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel 
oped  per 
kilogram. 

Feb.  8 

kilograms. 
81.55 
81.55 
81.  55 

°C. 
1.170 
1.137 
1.163 

Caloriet. 
991.4 

1)0                                   

963.3 

Do                           

985.2 

n  Including  9  jrrams  of  the  original  \^Tapper. 
Average  lai^e  calories  per  kilogram  of  explosive,  980.0. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression 

Jan.  24        

•  Millimeters. 
63.75 
63.50 
63.50 

Millimeters. 
52.25 
52.00 
52.00 

Millimeters. 
11.  5C 

Do                         

11.  5C 

Do                 

11.  5C 

Average  compression,  11.5  millimetera  (0.45  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks, 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

of  bore 
hole. 

ture  of 
block. 

Jan  V                   

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
212 
209 
212 

Cubic  centi- 
meters. 
149 
146 
149 

°C. 

lo 

Do            

15 

Do                              

lo 

Average  expansion  of  bore  hole,  148  cubic  centimeters  (9.03  cubic  inches). 
COLLIER  POWDER  X,  L.  F. 

Explosive,  Collier  powder  X,  L.  F. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  173  grams. 

Only  one  end  of  cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06.    • 

Color  of  explosive,  corn. 

Consistency,  powdered  and  granular,  very  fine,  very  dry,  very  soft,  slightly 
coheaive. 


RESULTS   OF   TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  28,  1911. 

Unit  swing  on  this  date,  3-42  inches. 

Weight  of  charge,  in  grams,  250,     250,     250. 

Swing,  in  inches,  3.45,     3.43,     3.30. 

Average  swing,  in  inches,  3.39. 

3.39  :  3.42   :  :   250  :  (252). 
Therefore  the  unit  deflective  charge  of  Collier  powder  X,  I,.  F.,  is  252  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911- 

12). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911- 
12). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Dec.  30 

Grams. 
252 
252 
252 
252 
252 
252 
252 
252 
252 
252 

252 
252 
252 

Per  cent. 
8.21 
8. 07 
8.  37 
7.95 
7.95 
8.09 
8.42 
8.04 
8.29 
8.16 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Jan. 8 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Jan. 5 

Do 

Jan.  6 

Do 

Do 

Orams. 
252 
252 
252 
252 
252 
252 
252 

«680 
"680 
"680 
O680 
0  680 

Per  cent. 

No  ignition. 
Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do. 

Jan. 2 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Jan.  8 

4.09 
3.85 
4.14 
4.01 
4.10 

No  ignition. 
Do. 
Do. 
Do 

Do 

Do 

Do  

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1|  inches. 
Electric  detonator.  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Dec.  29 

Millimeters. 
14.50 
14.65 
14.50 

Meters. 
44.5 
44.5 
44.0 

Meters. 
3,068 
3,038 
3  034 

Do 

Do 

Average  rate  of  detonation,  3,047  meters  (9,990  feet  per  second). 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of      Height  of 
photograph.      flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  8...     .           

Millimeters. 
9.00 
14.  50 
14,00 

Inches. 
11.37 
18.32 
17.68 

Millimeters. 
3.00 
4.50 
4.00 

Milliseconds. 

0.150 

2''5 

Do 

Do 

.200 

Average  height  of  flame,  15.79  inches. 
Average  duration  of  flame,  0.192  millisecond. 


MCy 

TESTS  OF  PERMISSIBLE  EXPLOSIVES. 

Impact  Test. 

Date,  February  26,  1912. 

1                    \                                 1 
Distance  of      Number  of                  T;,.<;iiit 

Distance  of 

Number  of 

fall. 

trials. 

fall. 

trials. 

Centimeters. 

Centimeters. 

1 

15 

1 

No  explosion. 

16 

3 

No  explosion. 

18 

1 

Do.                          ' 

16 

Explosion. 

20 

1 

Explosion. 

15 

No  explosion. 

19 

3 

No  explosion. 

15 

Explosion. 

19           1            1            I  Explosion. 

14 

No  explosion. 

18            1             1 

No  explosion. 

14 

Explosion. 

18                        1 

Explosion. 

13 

5 

No  explosion. 

17                        1 

Do. 

The  .maximum  height  at  which  no  explosion  occurs  established  at  13  centimeters 
(5.12  inches). 

Expi.osion-by-Influence  Test. 

Weight  of  each  cartridge,  171  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Apr.  4 

Do 

Do 

Inches. 

I 
5 

Exploded. 
Do. 
Do. 

Apr.  4 

Do 

Do 

Inches. 

0 
6 

(I 

Did  not  explode. 
Do. 

Do. 

The  mini:nu:n  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge." 


Specific 
gravity. 


Apr.  5.. 
Apr.  6., 

Do. 
.\pr.  5 . . 

Do- 

Do- 
Apr.  4.. 
Apr.  5.. 

Do- 


Grams. 
213 
213 
213 
213 
213 
213 
213 
213 
213 


1.00 
1.00 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 
1.06 


Height  of 
curve. 


Millimeters. 
31.25 
31.50 
31.50 
28.50 
28.00 
28.75 
28.25 
28.75 
28.25 


Pressure 
per  sc|uare 
centimeter. 


Kilograms. 
97. 66 
98.44 
98.44 
89.06 
87.50 
89.84 
88.28 
89.84 
88.28 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 

98. 18 

88.  80 
88.80 


a  Including  13  grams  of  tho  original  wrapper. 

P=1.911A+0.5B-1.411C=106.73  kilograms  per  square  centimeter. 

V=15,()00  cubic  centimeters.         S=1.06.         W=213.0  grams. 

VPS 
M  =  -;f=5^  =7,967  kilograms  per  square  centimeter  (113,320  pounds  per  square  inch). 
W 

Pbodvcts  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  of 

tee  Original  Wrapper. 


Date,  .January  24,  1912. 
Solid ." 


[Analyst,  A.  L.  Hyde.] 


Grams. 

19. 7 

Liquid  (water) 70.  0 

Gaseous 108.  5 


RESULTS  OF  TESTS.  Il7 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106.5  grams. ^ 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Mar.  1 . 

Mar.  2. 
Mar.  4. 


A  ilograms 
81.95 
81.95 
81.95 


■c. 

1.229 
1.225 
1.249 


Calorie.i. 
1,070.9 
1,093.7 
1,088.4 


1  Including  (i.o  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  1,084.3. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grama. 


Date  (1912). 

Height. 

Before 
explosion. 

Alter 
explosion. 

Compression. 

Mar.  28 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
48.75 
49.25 
49.00 

Millimeters. 
14.75 

Do 

14.25 

Do          

14  50 

Average  compression,  14.5  millimeters  (0.57  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 


Volume  of  bore  hole. 


Before 
shot. 


After 
shot. 


Expansion 

of  bore 

hole. 


Tempera- 
ture of 
block. 


Feb.  23 
Do. 
Do. 


Cubic  centi- 
meters. 
62 
62 
62 


Cubic  centi- 
meters. 
240 
238 
246 


Cubic  centi- 
meters. 

178 
176 
184 


"C. 


Average  expansion  of  bore  hole,  179  cubic  centimeters  (10.92  cubic  inches). 
COLLIER  POWDER  NO.  6-L.  F. 

Explosive,  Collier  powder  No.  5-L.  F. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  151  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS    OF    PEEMISSIBLE    EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  15,  1910. 

Unit  swing  on  this  date,  3.18  inches. 

Weight  of  charge,  in  grams,  236,     236,     236. 

Swing,  in  inches,  3.26,     3.22,     3.23. 

Average  swing,  in  inches,  3.24. 

3.24   :  3.18  :  :    236  :  (232). 
Therefore  the  unit  deflective  charge  of  Collier  powder  No.  5-L.  F.  is  232  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Aug.  17 

Do 

Grams. 
232 
232 
232 
232 
232 
232 
232 
232 
232 
232 

232 
232 
232 

Per  cent. 
7.  90 

7.  90 
7..S4 
8.14 
7.85 

8.  .37 
8.10 
8.02 

'7.99 
9.34 

No  Ignition. 

Do' 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 

Test  3— Con. 

Aug.  19 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  22 

Do 

Do 

Do 

Do 

Grams. 
232 
232 
232 
232 
232 
232 
232 

0  680 
a  680 
a  680 
a  680 
0  680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do. 

Aug.  IS 

Do 

Do. 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Aug.  19 

Do 

4.22 
4.20 
4.15 
4.10 
4.20 

No  ignition. 
Do. 
Do. 
Do. 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Distance 

between 

sparlc  points. 


Peripheral 

speed  of  drum 

per  second. 


Rate  of 
detonation 
per  second. 


Aug.  29 

Aug.  30 

Do. 


Millimeters. 
15.07 
15.  57 
15.  04 


Meters. 
43.5 
43.5 
43.5 


Meters. 

2,887 
2,794 
2,892 


Average  rate  of  detonation,  2,858  meters  (9,370  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  13 

Millimeters. 
16.50 
18.25 
14.00 

Inches. 
20.84 
23.05 
17.68 

Millimeters. 
7.25 
8.00 
6.25 

Milliseconds. 
0.  363 

Do  

.400 

Do 

.313 

Average  height  of  flame,  20.52  inches. 
Average  duration  of  flame,  0.359  millisecond. 


KESULTS 

Impact 
Date,  January  31,  1911. 

OF    TESTS. 
Test. 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
26 
24 
22 
18 
16 

1 
1 

Explosion. 

Do. 

Do. 

Do. 
No  explosion. 

Centimeters. 
17 
17 
16 
16 
15 

1 
1 
1 
1 

5 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  15  centimeters 
(5.91  inches). 

Explosion-by-Influence  Test. 
Weight  of  each  cartridge,  171  grams. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  30 

Do 

Do 

Inches. 

4 
3 
2 

Did  not  explode. 

Do. 
Exploded., 

Jan.  30 

Do 

Do 

Inches. 

3 
4 
4 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 

Date  (1911). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Feb.  3 

Grams. 
217 
217 
217 
217 
217 
217 
217 
217 
217 

1.06 
L06 
1.06 
1.06 
1.06 
1.06 
1.06 
1. 06 
1.06 

Millimeters. 
32.40 
33.40 

33.  o;o 

31.00 
3L50 
31.00 
29.80 
29.60 
30.00 

Kilograms. 
10 1. 25 
104.38 
105.00 
96.88 
98.44 
96.88 
93.12 
92.  50 
93.75 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Feb.  4 

103  54 

Do 

Jan. 24 

Feb.  6 

97  40 

Do 

Jan.  24 

Do 

93  12 

Do 

a  Inch 

ding  17  gr 

ims  0 

f  the 

original  wr 

a 

pper. 

P=1.911A+0.5B  — 1.4110=115.17  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.06.        W=217  grams. 

VPS 

M=  -^  =8,439  kilograms  per  square  centimeter  (120,040  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  17  Grams  of 

THE  Original  Wrapper. 


Date,  September  12,  1910. 
Solid 


[Analyst,  A.  L.  Hyde.l 


Grams. 

15. 0 

Liquid  (water) 80.  0 

Gaseous , . ,, 110.  4 


r 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Chaige,  108.5  grams.o 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Feb.  7.. 
Do. 
Do. 


Kilograms. 
81.55 
81.55 
81.55 


'  r.  Calorics. 

1. 297  !  1, 105.  C 

1. 295  1  1, 103. '. 

1. 294  1, 102.  i. 


a  Including  8.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  1,103.5. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression 

Jan  24                                   

Millimeters. 
63.25 
63.50 
63.50 

Millimeters. 
48.50 
48.75 
49.00 

Millimeters. 
14.7 

Do                     

14.7 

Do          

14.5 

Average  compression,  14.7  millimeters  (0.58  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1911). 

Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Before 
.shot. 

After 
shot. 

ture  of 
block. 

Jan.  27            

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
254 
249 
250 

Cubic  centi- 
meters. 
191 
186 
187 

1 

Do  

1 

Do 

1 

Average  expansion  of  bore  hole,  188  cubic  centimeters  (11.47  cubic  inches). 

COLLIER  POWDER  NO.  5  SPECIAL. 

Explosive,  Collier  powder  No.  5  special. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1 J  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  138  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


RESULTS   OF    TESTS. 
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Unit  deflective  charge  as  determined  by  tlie  ballistic  pendulum: 

Date,  August  15,  1910. 

Unit  swing  on  this  date,  3.18  inches. 

Weight  of  charge,  in  grams,  230,     230,     230. 

Swing,  in  inches,  3.12,     3.07,     3.12. 

Average  swing,  in  inches,  3.10. 

3.10  :3.18  :  :  230  :  (236). 
Therefore  the  unit  deflective  charge  of  Collier  powder  No.  5  special  is  236  grams. 

Gas  AND  Dust  Gallery  Xo.  1. 


Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weight     Methane 

of              and              Result, 
charge.      ethane. 

Test  1. 

Aug.  17 

Do 

Do 

Do 

Grams. 
23(5 
23b 
236 
230 
236 
236 
2.36 
236 
236 
236 

236 
236 
230 

Per  cent. 
8.64 
8.77 
8.78 
8.55 
8.37 
8.14 
8.02 
7.86 
7.90 
8.20 

Xo  ienition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Xo  ignition. 
Do. 
Do. 

Test  3— Cod. 

Aug.  18 

Do 

Aug.  19 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  20 

Do 

Aug.  22 

Do 

Do 

Grams. 
236 
236 
236 
236 
236 
236 
236 

a680 
0680 
a680 
a680 
O680 

Per  cent. 

No  ignition. 

Do. 

Do. 

Do'.'.'.'.'.'.'. 

Do 

Do 

Do 

Do 

Do 

Test  3. 

Aug.  18 

Do 

Do 

Do. 

Do. 

Do. 

3.87 
4.06 
3.95 
3.95 
4.20 

No  ignition. 
Do. 
Do. 
Do. 

Do. 

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1{  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Distance         Peripheral 
between      speed  of  drum 
sparli  points,     per  second. 


Rate  of 
detonation 
per  second. 


Aug.  27. 
Do. 
Aug.  29 


Meters. 
2,526 
2,548 
2,550 


Average  rate  of  detonation,  2,541  meters  (8,330  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  13 

MiUimeters. 
16.00 
15.00 
13.50 

Inches. 
20.21 
18.95 
17.05 

Millimeters. 
7.50 
6.00 
5.75 

Milliseconds. 
0.375 

Do 

.300 

Do 

.288 

Average  height  of  flame,  18.74  inches. 
Average  duration  of  flame,  0.321  millisecond. 
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Date,  January  31,  1911 


TESTS    OF    PEKMISSIBLE    EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
18 
22 
24 
23 

1 
1 
1 
1 

No  explosion. 

Do. 
Explosion. 

Do. 

Centimeters. 
■22 
20 
21 

1 
1 

5 

Explosion. 
Xo  explosion. 
Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  21  centimeter 
(8.27  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  167  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  25 

Do 

Jan.  26 

Do 

Inches. 

4 
2 
3 
3 

Did  not  explode. 
Exploded. 
Did  not  explode. 
Do. 

Jan.  26 

Jan. 28 

Do 

Inches. 

3 
4 

4 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determine! 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Charge.a 

Specific 
gravity. 

Ti„i„i  t  „r  i    Pressure 
^^^  ^-       centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimetei 

Feb.  3 

Do 

Do 

Jan.  23 

Do 

Do 

Do 

Do 

Jan.  24 

Grams. 

6  218 
218 
218 

6  218 
218 
218 
218 
218 
218 

1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 

Millimeters. 
41.50 
32.20 
31.80 
38.60 
31.60 
31.80 
29.50 
29.80 
29.50 

Kilograms. 
103.  75 
100.  62 
99.38 
96.50 
98.75 
99.38 
92.19 
93. 12 
92. 19 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms 
101. 1 

98.2 

92.5 

1  Including  IS  grams  of  the  original  wrapper. 

6  Indicator  spring,  0.4  milliraeler=l  kilogram  per  square  lentiineter. 

P=1.911A+0.5B  — 1.411('  =  111.93  kilograms  per  square  cenlimeter. 
V  =  15,000  cubic  centimeters.         S=1.03.         W =218  grams. 

VPS 

M=        -=7,933  kilograms  per  square  centimeter  (112,840  pounds  per  sc^uarc  inch) 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  18  Grams  oi 

THE  Original  Wrapper. 


Date,  September  9,  1910. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams 

11.  i 

Liquid  (water) 81.  i 

Gaaeous 112. 1 


RESULTS   OF    TESTS. 

Large  Calories  Developed  by  1  Kilogram  op  the  Explosive. 
Charge,  109.0  grams. « 
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Date  (1911). 


Feb.  6., 
Do. 
Do. 


Weight 
of  water. 


Kilograms. 
81.55 
81.55 
81.55 


Rise  in 
tempera- 
ture. 


'C. 
1.320 
1.310 
1.310 


Heat  devel- 
oped per 
kilogram. 


Calories. 
1,119.5 
1,111.0 
1,111.0 


a  Including  9  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  1,113.8. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 

explosion. 

After 
explosion. 

Compression. 

Jan.  24 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
50.25 
50.75 
50.75 

Millimeters. 
13.25 

Do 

12.75 

Do 

12.75 

Average  compression,  12.9  millimeters  (0.51  inch). 

Expansion  op  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Jan.  27 

Cubic  centi- 
meters-. 
63 
63 
63 

Cubic  centi- 
meters. 
258 
250 
257 

Cubic  centi- 
meters. 
195 
187 
194 

°C. 

IS 

Do 

15 

Feb.  15 

15 

Average  expansion  of  bore  hole,  192  cubic  centimeters  (11.71  cubic  inches). 
COLLIER  POWDER  NO.  6-L.  F 

Explosive,  Collier  powder  No.  6-L.  F. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Keystone  National  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8^  inches. 

Average  weight,  170  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.02. 

Color  of  explosive,  corn. 

Consistency,  fibrous,  fine,  dry,  soft,  slightly  cohesive. 

91853°— Bull.  66—13 9 
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TESTS   OF   PEEMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  September  26,  1910. 

Unit  swing  on  this  date,  3.32  inches. 

Weight  of  charge,  in  grams,  308,     308,     308. 

Swing  in  inches,  3.30,     3.20,     3.20. 

Average  swing,  in  inches,  3.23. 

3.23  :  3.32  : :  308  :  (317). 
Therefore  the  unit  deflective  charge  of  OoUier  powder  No.  6-L.  F.  is  317  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

AVeight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Sept.  28 

Do 

Grams. 
317 
317 
317 
317 
317 
317 
317 
317 
317 
317 

317 
317 
317 

Per  cent. 
8.35 
8.52 
8.31 
8.31 
8.43 
8.43 
8.43 
8.23 
8.33 
8.33 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Sept.  29 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  30 

Do 

Do 

Do 

Do 

Grams. 
317 
317 
317 
317 
317 
317 
317 

O680 
a  680 
a  680 
0  680 
o680 

Per  cent. 

No  ignition. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Sept.  29 

Do 

4.40 
4.20 
4.30 
4.45 
4.40 

No  ignition. 

Do! 
Do. 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator.  No.  7. 


Date  (1910). 

Distance 

between 

sparli  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  01 
detonation 
per  second. 

Oct.  3 

Millimeters. 
14.78 
14.44 
15.12 

Meters. 
43.5 
43.5 
43.5 

Meters. 
2,943 

Do 

3,012 

Oct.  4 

2,877 

Average  rate  of  detonation,  2,944  meters  (9,660  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second . 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  21 

MillimeteTS. 
11.75 
9.75 
12.00 

Inches. 
14.84 
12.32 
15.16 

Millimeters. 
5.75 
4.25 
5.00 

Milliseconds. 
0.288 

Do 

.212 

Do 

.250 

Average  height  of  flame,  14.11  inches. 
Average  duration  of  flame,  0.250  millisecond. 


Date,  February  24,  1911. 


RESULTS  OF   TESTS. 
Impact  Test. 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
40 
30 
32 

1 
1 

1 

Explosion. 
No  explosion. 
Explosion. 

Centimeters. 
31 
31 
30 

1 

1 
5 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  30  centimeters 
(11.81  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  164  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  27 

DO 

Do 

Do 

Inches. 

6 
5 
3 

1 

Did  not  explode. 

Do. 

Do. 
Exploded. 

Feb.  28 

Do 

Do 

Inches. 

2 
3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.4  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Mar.  23 

Grams. 
215 
215 
215 
6  215 
215 
215 
215 
215 
215 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 

Millimeters. 
24.50 
24.50 
24.25 
19.00 
23.25 
23.00 
22.50 
22.25 
22.50 

Kilograms. 
61.25 
61.25 
60.62 
59.38 
58.12 
57.50 
56.25 
55.62 
56.25 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 
1 

Do 

Do 

\           61.04 

Mar.  17 

i 

Do                      ... 

I           58  33 

Do 

Do 

1 

Mar.  18 

\           56  04 

Do 

a  Including  15  grams  of  the  original  wrapper. 

b  Indicator  spring,  0..32  millimeter=  1  kilogram  per  square  centimeter. 

P=1.911A+0.5B  — 1.4110=66.75  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.02.        W=215  grams. 

VPS 
M=^p^^  =4,750  kilograms  per  square  centimeter  (67,560  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

the  Original  Wrapper. 


Date,  March  1,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

59. 1 

Liquid  (water) 11.  2 

Gaseous , , 130.  3 


126  TESTS  OF  PERMISSIBLE  EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  107.5  grams. « 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Mar.  6.. 

Mar.9.. 

Do. 


Kilograms. 
80.95 
80.95 
80.95 


T. 
O.tif)- 
.677 
.678 


CaJorie^. 
566.0 
574.5 
575.4 


a  Including  7.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  572.0. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1911). 

Before 
explosion. 

After 
explosion. 

Ck)mpression. 

Mar.  20 

Millimeters. 
63.75 
M.OO 
64.00 

Millimeters. 
51.50 
51.00 
51.50 

Millimeters. 
12.25 

Do                     

13.00 

Do             

12.50 

Average  compression,  12.6  millimeters  (0.50  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Mar.  22 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
194 
202 
197 

Cubic  centi- 
meters. 
131 
139 
134 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  135  cubic  centimeters  (8.24  cubic  inches). 

COLLIER  NO.  9. 

Explosive,  Collier  No.  9. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination  : 

Diameter  of  cartridge,  1\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  192  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.15. 

Color  of  explosive,  white  and  corn. 

Consistency,  granular  and  powdered,  very  fine,  dry,  soft,  slightly  cohesive. 


RESULTS  OF  TESTS. 

Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  20,  1911. 

Unit  swing  on  this  date,  3.06  inches. 

Weight  of  charge,  in  gram?,  270,     270,     270. 

Swing,  in  inches,  2.95,     2.90,     2.90. 

Average  swing,  in  inches,  2.92. 

2.92  :  3.06  :  :  270  :  (283). 
Therefore  the  unit  deflective  charge  of  Collier  No.  9  is  283  grams. 

Gas  and  Dust  Gallery  No.  1. 
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Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Feb.  21 

Grams. 
283 
283 
283 
283 
283 
283 
283 
283 
283 
283 

283 
283 
283 

Per  cent. 
8.05 
7.86 

7.84 
7.86 
7.90 
7.81 
7.94 
7.88 
8.00 
7.99 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  Ignition. 
Do. 
Do. 

Test  3— Con. 

Feb.  23 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  23 

Do 

Do 

Feb.  24 

Do 

Grams. 
283 
283 
283 
283 
283 
283 
283 

0  680 
a  680 
o680 
o680 
a  680 

Per  cent. 

No  ignition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  23 

3.98 
3.95 
3.93 
3.87 
3.94 

No  ignition. 
Do. 
Do. 
Do 

Do 

Do. 

Do      ... 

o  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  H  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Feb.  20 

Millimeters. 
21.55 
22.23 
22.55 

Meters. 
45.00 
45.25 
45.00 

Meters. 
2,088 
2,036 
1,996 

Feb.  21 

Do 

Average  rate  of  detonation,  2,040  meters  (6,690  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan. 30 

Millimeters. 
3.50 
9.50 
7.25 

Inches. 
4.42 
12.00 
9.16 

Millimeters. 
1.00 
3.00 
2.25 

Milliseconds. 
0  050 

Do 

150 

Do 

.112 

Average  height  of  flame,  8.53  inches. 
Average  duration  of  flame,  0.104  millisecond. 
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Date  October  18,  1912 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
40 
36 
34 
32 

1 

1 
1 
1 

Explosion. 
Do. 
Do. 
Do. 

Centimeters. 
31 
31 
30 

1 

1 
5 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  30  centimeters 

(11.81  inches). 

Explo8ion-by-Influence  Test. 

Weight  of  each  cartridge,  187  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Nov.  4 

Do 

Do 

Nov.6 

Do 

Do 

Inches. 

3 
4 
5 
5 
6 
7 

Exploded. 

Do. 
Did  not  explode. 
Exploded. 

Do. 

Do. 

Nov.6 

Do 

Nov.7 

Do 

Do 

Inches. 

8 
9 
10 
10 
10 

Exploded. 

Do. 
Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  10  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


Aug.  8. 

Do. 

Do. 

Do. 
Aug.  9 . 

Do. 
Aug.  10 

Do. 

Do. 


Charge,  o 

Specific 
gravity. 

Grams. 

6  212 

1.15 

6  212 

1.15 

6  212 

1.15 

212 

1.15 

212 

1.15 

212 

1.15 

212 

1.15 

212 

1.15 

212 

1.15 

Height  of 
curve. 


Millimeters. 
23.75 
23.50 
23.25 
27.00 
28.25 
27.00 
26.50 
26.50 
27.75 


Pressure 
per  square 
centimeter. 


Kilograms. 
74.22 
73.44 
72. 66 
67.50 
70.62 
67.50 
66.25 
66. 25 
69.38 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
[  73.44 

\  («.  54 

67. 29 


a  Including  12  grams  of  the  original  wrapper. 

6  Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 

P=1.911A+0.5B  — 1.4110=79.67  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.15.        W=212  grams. 

VPS 
M=-=^=:6,483  kilograms  per  square  centimeter  (92,220  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  or  the  Explosive  and  12  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  June  20.  1911.  Grams. 

Solid 35.8 

Liquid  (water) 58. 0 

Gaseous 113. 0 


RESULTS   OF   TESTS. 

Large  Calories  Developed  by  1  Kilogram  op  the  Explosive. 
Charge,  106.0  grams.o 
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Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


July  28. 

July  29. 

Do. 


Kilogravis. 
80.95 
80.95 
80.95 


°C. 
0.833 
.812 
.814 


Calories. 
718.8 
700.5 
702.2 


a  Including  6  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  707.2. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1912). 

Before 
explosion. 

After 
explosion. 

Compression. 

Oct  23      

Millimeters. 
63.25 
63.50 
64.00 

Millimeters. 
51.75 
51.50 
52.50 

MillimeteTs. 
11  50 

Do 

12  00 

Oct.  24 

11  50 

Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  op  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1911). 

Before 

shot. 

After 
shot. 

ture  of 
block. 

Apr.  8 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
192 
192 
200 

Cubic  centi- 
meters. 
129 
129 
137 

"C. 
15 

Do 

15 

Do  

15 

Average  expansion  of  bore  hole,  132  cubic  centimeters  (8.05  cubic  inches). 
COLLIER  POWDER  NO.  IX. 

Explosive,  Collier  powder  No.  11. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Keystone  National  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  174  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.04. 

Color  of  explosive,  drab. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  moderately  cohesive. 


130 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  January  2,  1913. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  220,     220,     220. 

Swing,  in  inches,  3.40,     3.53,     3.41. 

Average  swing,  in  inches,  3.45. 

3.45  :  3.40  :  :  220  :  (217). 
Therefore  the  unit  deflective  charge  of  'Collier  powder  No.  11  is  217  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date  (1913). 

and 

Result. 

Date  (1913). 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  1. 

Test  3— Con. 

Orams. 

Per  cent. 

Orams. 

Per  cent. 

Jan. 6 

Do 

Do 

217 

7.91 

No  ignition. 

Jan.  10 

217 

217 

7.90 

Do 

217 

Do 

217 

8.21 

Do. 

Do 

217 

Do. 

Do 

Do 

217 

7  91 

Do. 

Do. 

217 

Do. 

217 

8.20 

Do. 

Do 

217 

Do. 

Do 

217 

7.75 

Do. 

Do 

217 

Do. 

Do 

217 

8.13 

Do. 

Do 

217 

Do. 

Do 

217 

7.92 

Do. 

Do 

217 

7.91 

Do. 

Test  4. 

Do 

217 

7.97 

Do. 

Jan.  8 

O680 

4.07 

No  ignition. 

Test  3. 

Jan. 9 

a  680 

4.00 

Do. 

Do 

0  680 

3.99 

Do. 

Jan  10 

217 

No  ignition. 
Do! 

Do 

a  680 

3.93 

Do. 

Do 

217 
217 

Do 

a  680 

4.15 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1913). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan.  6 

Millimeters. 
11.65 
11.80 
11.65 

Meters. 

42 
42 
41 

Meters. 
3,605 

3,559 

Jan. 8         .                        

3,519 

Average  rate  of  detonation,  3,561  meters  (11,G80  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Feb.  21 

Millimeters. 
8.00 
9.00 
8.75 

Inches. 
10.11 
11.37 
11.05 

Millimeters. 
5.50 
6.25 
6.75 

Milliseconds. 
0.225 

Do 

.312 

Do 

.338 

Average  height  of  flame,  10.84  inches. 
Average  duration  of  flame,  0.292  millisecond. 


Date,  March  4,  1913. 

RESULTS   OF   TESTS. 
Impact  Test. 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
40 
36 
32 
28 
26 

Explosion. 
Do. 
Do. 
Do. 
Do. 

Centimeters. 
22 
18 
14 
16 
17 

1 
1 
1 
1 
5 

Ehsplosion. 

Do. 
No  explosion. 

Do. 

Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  17  centimeters 

(6.69  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  167  grams. 

Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1913). 

Distance 
sei)arating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  27 

Do 

Do 

Do 

iTKhes. 

4 

6 

8 

10 

Exploded. 

Do. 

Do. 
Did  not  explode. 

Feb.  27 

Do 

Do 

Inches. 

9 
10 
10 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  10  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.24  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 
per  square 
centimeter. 

Feb.  14 

Grams. 
215 
215 
215 
215 
215 
215 
215 
215 
215 

1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 

Millimeters. 
25.00 
24.75 
25.00 
24.75 
25.00 
24.25 
23.75 
24.75 
24.75 

Kilograms. 
104.17 
103.12 
104.17 
103.12 
104.17 
101.04 
98.96 
103.12 
103.12 

A 
A 
A 
B 
B 
B 
C 
C 

c 

Kilograms. 

Do 

\         103. 82 

Feb.  15 

Feb.  14 

Do 

I          102. 78 

Feb.  17 

Do 

Do 

I          101.73 

Do 

1  Including  15  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=106. 25  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.         S  =  1.04.         W=215  grams. 

VPS 

M=  -ty  =7,709  kilograms  per  square  centimeter  (109,650  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 
THE  Original  Wr.a.pper. 


Date,  January  16,  1913. 
Solid " 


[Analyst,  A.  L.  Hyde.] 


Grams. 

4.7 

Liquid  (water) 69. 0 

Gaseous 129.  2 


132  TESTS   OF   PERMISSIBLE  EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  op  the  Explosive. 
Charge,  107.5  grams.« 


Date  (1913). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel 
oped  per 
kilogram. 


Feb.  17. 
Do. 
Do. 


Kilograms. 
81.95 
81.95 
81.95 


'C. 
1.208 
1.208 
1.219 


Calories. 
1,042. 
1,042. 
1,052. 


o  Including  7.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  1,045.9. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grains. 


Date  (1913). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression 

Feb.  25 

Millimeters. 
63.50 
63.25 
63.25 

Millimeters. 
46.00 
46.00 
46.25 

Millimeters. 
17.5 

Do        

17.2 

Do 

17.0 

Average  compression,  17.2  millimeters  (0.67  inch). 

Expansion  op  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

Tempera- 

Date (1913). 

Before 

shot. 

After 
shot. 

of  bore 
hole. 

ture  of 
block. 

Mar.  6 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
310 
300 
307 

Cubic  centi- 
meters. 
247 
237 
244 

°C. 
1 

Do 

1 

Do 

1 

Average  expansion  of  bore  hole,  243  cubic  centimeters  (14.82  cubic  inches). 

CRONITE  NO.   1. 

Explosive,  Cronite  No.  1. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 
Physical  examination: 

Diameter  of  cartridge,  l\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  155  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  straw. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 


RESULTS  OP   TESTS. 

Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  October  28,  1912. 

Unit  swing  on  this  date,  3.43  inches. 

Weight  of  charge,  in  grama,  240,     240,     240. 

Swing,  in  inches,  3.54,     3.48,     3.58. 

Average  swing,  in  inches,  3.53. 

3.53  :  3.43  :  :  240  :  (233). 
Therefore  the  unit  deflective  charge  of  Cronite  No.  1  is  233  grams. 

Gas  and  Dust  Gallery  No.  1. 
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Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Dct.  29 

Do 

Do 

Do 

Do 

Do 

i       Do 

Do 

Qct.  30 

Do 

Test  3. 

Nov.  4 

Do 

Do 

Grams. 
233 
233 
233 
233 
233 
233 
233 
233 
233 
233 

233 
233 
233 

Per  cent. 
8.17 
8.34 
8.33 
8.18 
8.34 
7.78 
8.45 
8.28 
7.95 
8.52 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do.' 

Test  3— Con. 

Nov.  4 

Do 

Do 

Do 

Do 

Do 

Nov.  5 

Test  4. 

Oct.  31 

Do 

Nov.  1 

Do 

Do 

Grams. 
233 
233 
233 
233 
233 
233 
233 

a  680 
0  680 
0  680 
O680 
o680 

Per  cent. 

No  Ignition. 

Do. 

Do. 

Do. 

Do. 

Do. 

4.13 
4.19 
4.21 
4.17 
4.26 

No  ignition. 

Do! 
Do. 

Do. 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  l\  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance  be- 
tween spark 
points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Oct.  28 

Millimeters. 
13.20 
13.15 
13.05 

Meters. 
42.0 
42.0 
42.0 

Meters. 

3,182 

Do 

3,194 

Do 

3,218 

Average  rate  of  detonation,  3,198  meters  (10,490  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Feb. 20 

Millimeters. 

10.75 

10.75 

9.75 

Inches. 
13.58 
13.58 
12.32 

Millimeters. 
6.00 
6.00 
6.50 

Milliseconds. 
0  300 

Do 

300 

Do 

325 

Average  height  of  flame,  13.16  inches. 
Average  duration  of  flame,  0.308  millisecond. 
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Date,  November  7,  1912 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
rail. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

Centimeters. 

10 

No  explosion. 

26 

Explosion. 

20 

Do. 

25 

No  explosion. 

30 

Explosion. 

25 

Explosion. 

24 

No  explosion. 

24 

Do. 

27 

Do. 

23 

2 

No  explosion. 

29 

Do. 

23 

Explosion. 

29 

Explosion. 

22 

Do. 

28 

No  explosion. 

21 

No  explosion. 

28 

Explosion. 

21 

Explosion. 

27 

Do. 

20 

Do. 

.26 

No  explosion. 

19 

0 

No  explosion. 

The  maximum  height  at  wliich  no  explosion  occurs  established  at  19  centimete 

(7.48  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  150  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Nov.  11 

Do 

Do 

Do 

Inches. 

2 
3 
4 
4 

Exploded. 

Do. 
Did  not  explode. 
Exploded. 

Nov.  11 

Nov.16 

Do 

Do 

Inches. 

5 
6 
6 
6 

Exploded. 

Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determini 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.24  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Averag 

pressor 

per  squa 

centime! 

Nov.  29 

Orams. 

215 

215 

215 

6  215 

6  215 

b215 

215 

215 

215 

0.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 

Millimeters. 
23. 75 
23.75 
22. 75 
31.50 
30.00 
30.25 
20.50 
20.25 
20.25 

Kilograms. 
98.96 
98.96 
94.79 
98.44 
93.75 
94.53 
85.42 
84.38 
84.38 

A 
A 
A 
B 
B 
B 
C 

c 

Kilogran 

Do 

f          ^" 

Do 

Nov.  27 

j 

Do 

[            95 

Do 

Do 

j 

Do 

I            84 

Do 

C        1 

a  Including  15  grams  of  the  original  wrapper. 

b  Indicator  spring,  0.32  mUlimeter=  1  kilogram  per  square  centimeter. 

P=l. QUA 4-0. 5B  — 1.4110=114.69  kilograms  per  square  centimeter. 

V= 15,000  cubic  centimeters.        S=0.93.        W=215  grams. 

VPS 
M=-;^^  =7,442  kilograms  per  square  centimeter  (105,850  jwunde  per  square  incli 
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RODUCTS  OF  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 
THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  November  5,  1912.  Grams. 

olid 21.  0 

iquid  (water) 59.  5 

iaseous 126.  3 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  107.5  grams.a 


Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

>ec.  17  

Kilograms. 
81.95 
81.95 
81.95 

"C. 
1.116 
1.151 
1.106 

Calories. 
962.7 

Do                   

993.1 

Do               

954.0 

a  Including  7.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  969.9. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1913). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

eb. 25 

Millimeters. 
63.50 
63.50 
62.75 

Millimeters. 
49.25 
49.00 
48.75 

Millimeters. 
14.25 

Do 

14.50 

Do 

14.00 

Average  compression,  14.2  millimeters  (0.56  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera-  . 

Date  (1912). 

Before 
shot. 

After 
shot. 

ture  of    '' 
block. 

fov.  14 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
338 
343 
351 

Cubic  centi- 
meters. 
276 
281 
289 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  282  cubic  centimeters  (17.20  cubic  inches). 
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TESTS  OF   PERMISSIBLE   EXPLOSIVES. 


CRONITE  NO.  5. 

Explosive,  Cronite  No.  5. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  152  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  not  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  October  28,  1912. 

Unit  swing  on  this  date,  3.43  inches. 

Weight  of  charge,  in  grams,  255,     255,     255. 

Swing,  in  inches,  3.43,     3.57,     3.53. 

Average  swing,  in  inches,  3.51. 

3.51  :  3.43  : :  255  :  (249). 
Therefore  the  unit  deflective  charge  of  Cronite  No.  5  is  249  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Oct.  30 

Grams. 
249 
249 
249 
249 
249 
249 
249 
249 
249 
249 

249 
249 
249 

Per  cent. 

7.83 
S.09 
7.92 
7. 77 
7.84 
7.98 
8.06 
7.91 
8.15 
8.09 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Nov.5 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  1 

Do 

Do 

Do 

Do 

Grams. 
249 
249 
249 
249 
249 
249 
249 

0  680 
a  680 
O680 
0  680 
0  680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do    .   .   . 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Nov.  5 

4.12 
4.05 
4.17 
4.05 
4.00 

No  ignition. 

Do! 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second 

Oct.  30 

Millimeters. 
16.70 
17.05 
17.35 

Meters. 
42 
42 
42 

Meters. 
2,5 

Do 

2,4 

Nov.  1 

2,4 

Average  rate  of  detonation,  2,466  meters  (8,090  feet)  per  second. 


RESULTS   OF   TESTS. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 
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Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Feb.  24         

Millimeters. 
12.50 
10.50 
11.25 

Inches. 
15.79 
13.26 
14.21 

Millimeters. 
6.25 
5.50 
4.75 

Milliseconds. 
0  312 

Do 

275 

Do           

238 

Average  height  of  flame,  14.42  inches. 
Average  duration  of  flame,  0.275  millisecond. 


Impact  Test. 


Date,  November  8,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
30 
20 
10 
16 

1 

1 
1 
1 

Explosion. 

Do. 
No  explosion. 

Do. 

Centimeters. 
18 
19 

18 

1 
1 
4 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  18  centimeters 
[7.09  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  150  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upi)er 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mov.  11 

Do 

Do 

Inches. 

4 
2 
1 

Did  not  explode. 

Do. 
Exploded. 

Nov.  11 

Do 

Inches. 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Fheoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.24  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.0 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

!^ov.  29 

(Jroms. 
219 
219 
219 
219 
219 
219 
219 
219 
219 

0.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 

Millimeters. 
20.50 
20.25 
20.50 
10.75 
20.50 
19.75 
19.75 
19.00 
10.75 

Kilograms. 
8.5.42 
84. 3S 
85.42 
82.29 
85.42 
82.29 
82.29 
79.17 
82.29 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

i           85. 07 

Do 

^ov. 30 

1 

Do 

\           83.33 

Do 

J 

Do 

1 

Dec.  2 

}           81.25 

Do 

o  Ii'.cludlng  19  grams  of  the  original  wrapper. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


P=1.91]A4-0.5B  — L4110=89.59  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.93.        \V=219  grams. 

VPS 

M=         =5,707  kilograms  per  square  centimeter  (81,170  pounds  per  square  inch).   : 
W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  19  Grams  op 

THE  Original  Wrapper. 


[Analyst,  .\'.  L.  Hyde.] 


Date,  November  5,  1912. 


Grams. 

Solid 25.7 

Liquid  (water) 61.5 

Gaseous 126.  4 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  109.5  grams.a 


Date  (1913). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Kilogram.'^. 
81.95 
81.95 
81.95 

°C. 
1.069 
1.059 
1.085 

Calories. 
904.9 

Do 

896.4 

Do       .           

918.6 

a  Including  9.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  906.6. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1913).' 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Feb.  24 

Millimeters. 
63.  .50 
63.. 50 
63.50 

MiUimelers. 
50.75 
51.00 
51.25 

Millimeters. 
12. 75 

Do 

12.50 

Do                

12.25 

Average  compression,  12.5  millimeters  (0.49  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


\'olume  of  l)ore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Nov.  14 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
286 
286 
285 

Cubic  centi- 
meters. 
224 
224 
223 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  224  cubic  centimeters  (13.66  cubic  inches). 


RESULTS   OF    TESTS. 
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DETONITE   SPECIAL. 

Explosive,  Detonite  special. 
Class  la,  ammonium  nitrate. 
Manufactured  by  the  King  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  12  inches. 

Average  weight,  441  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.09. 

Color  of  explosive,  drab. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  1,  1910. 

Unit  swing  on  this  date,  3.14  inches. 

Weight  of  charge,  in  grams,  300,     300,     300. 

Swing,  in  inches,  3.02,     3.03,     3.00. 

Average  swing,  in  inches,  3.02. 

3.02  :3.14  :  :  300  :  (312). 
Therefore  the  unit  deflective  charge  of  Detonite  special  is  312  grams. 


Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weight 
charge. 

Methane 
and 

ethane. 

Result. 

Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Feb.  1 

Grams. 
312 
312 
312 
312 
312 
312 
312 
312 
312 
312 

312 
312 
312 

Per  cent. 
S.07 
8.02 
8.42 
8.07 
8.17 
8.27 
8.17 
8.22 
8.17 
8.27 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Te-st  1— Con. 

Feb.  2 

Do 

Do 

Feb.  3 

Do 

Do....... 

Do 

Test  4. 

Jan. 31 

Do 

Do 

Do 

Do 

Grams. 
312 
312 
312 
312 
312 
312 
312 

a  680 
1680 
O680 
1680 
1(380 

Per  cent. 

No  ignition. 

Do 

Do. 

Do 

Do. 

Feb.  2 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  2 

3.96 
4.07 
4.1.5 
4.06 
3.84 

No  ignition. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 


Rate  op  Detonation. 


Diameter  of  cartridge,  If  inches. 
Electric  detonator.  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Feb.  2 

Millimeters. 
13.05 
13.11 
12.87 

Meters. 
43.0 
43.0 
43.0 

Meters. 

3,295 

Do 

3,280 

Do 

3,341 

Average  rate  of  detonation,  3,305  meters  (10,840  feet)  per  second. 
91853°^BuIl,  66—13 10 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan. 30          

MillimeteTS. 
5.00 
5.50 
5.00 

Inches. 
6.32 
6.95 
6.32 

Millimeters. 
1.50 
2.50 
1.50 

Milliseconds. 
0.075 

Do                

.125 

Do 

.075 

Average  height  of  flame,  6.53  inches. 
Average  duration  of  flame,  0.092  millisecond. 

Impact  Test. 
Date-,  November  11,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

Centimeters. 

8 

No  explosion. 

18 

1 

Explosion. 

16 

Do. 

12 

1 

No  explosion. 

32 

Explosion. 

14 

1 

Explosion. 

24 

No  explosion. 

13 

1 

Do. 

28 

Explosion. 

12 

2 

No  explosion. 

26 

Do. 

12 

I 

Explosion. 

25 

Do. 

11 

1 

Do. 

24 

Do. 

10 

.) 

No  explosion. 

20 

Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 
(3.94  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  206  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.l7 

Do 

Do 

Inches. 

3 
2 

1 

Did  not  explode. 

Do. 
Exploded. 

Dec.  17 

Dec.  18 

Do 

Inches. 

2 

3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Dec.  4. 
Do 
Do 
Do 
Do 
Do 
Do 
Do 
Do 


Charge." 

Specific 
gravity. 

Grams. 

238 

0.84 

238 

84 

238 

84 

238 

84 

238 

84 

238 

S4 

238 

84 

238 

84 

238 

84 

Tj„i„T,t  «f      Pressure 
^"^^  ^-      I  centimeter. 


Millimeters. 

26. 50 
26.50 
26.00 
25.25 
25.50 
26.00 
23.25 
23.00 
24.00 


Kilograms. 

82.81 
82.81 
81.25 
78. 91 
'  79. 69 

81.25 
72.66 
71.88 
75.00 


Cooling 
surface. 


Average 

pressure 
per  square 
centimeter. 


Kilograms. 
82.29 


73.18 


o  Including  38  grams  of  the  original  wrapper. 


EESULTS   OF   TESTS. 
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P=1.911A+0.5B— 1.411C=93.97  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.84.        W=238  grams. 

VPS 
M=  vy^  =4,975  kilograms  per  square  centimeter  (70,760  pounds  per  square  incli). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  33  Grams  of 

THE  Original  Wrapper. 


Date,  July  7, 1910. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

44. 8 

Liquid  (water) 56.  5 

Gaseous 133.  9 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  119.0  grams. a 


Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Dec.9 

Kilograms. 
81.95 
81.95 
81.95 

0.912 
.930 
.940 

Calories. 
709  3 

Dec.  10 

723  5 

Do. 

731  3 

a  Including  19  grams  of  the  original  wrapper. 
Average  lai^e  calories  per  kilogram  of  explosive,  721.4. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Ju  ly  9 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
52.25 
51.50 
51.00 

Millimeters. 
11.25 

Do 

12.00 

Do..                 

12.50 

Average  compression,  11.9  millimeters  (0.47  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Nov.  15 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
222 
227 
219 

Cubic  centi- 
meters. 
159 
164 
156 

"C. 

15 

Do 

15 

Nov.  18 

15 

Average  expansion  of  bore  hole,  160  cubic  centimeters  (9.76  cubic  inches). 


i 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


EUREKA  NO.  2. 


Explosive,  Eureka  No.  2. 

Class  2,  hydra  ted. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination : 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  202  grams. 

Cartridge  had  not  been  redipped . 

Apparent  specific  gravity  of  cartridge  by  sand,  1.15. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  April  15,  1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  charge,  in  grams,  295,     295,     295. 

Swing,  in  inches,  3.22,     3.20,     3.17. 

Average  swing,  in  inches,  3.20. 

3.20: 3.37::  295:  (311). 
Therefore  the  unit  deflective  charge  of  Eureka  No.  2  is  311  grams. 


Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 


Test  1. 

Apr.  19 

Do 

Do 

Do 

Do 

Do 

Apr.  20 

Do 

Do 

Do 

Test  3. 

Apr.  2.') 

Do 

Do 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

311 

8.15 

311 

8.14 

311 

7.95 

311 

8.02 

311 

8.09 

311 

7.97 

311 

7.98 

311 

8.26 

311 

7.95 

311 

7.94 

311 
311 
311 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1912). 


Test  3— Con 

Apr.  25 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Apr.  22 

Do 

Do 

Do 

Do 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grains. 

Per  cent. 

311 
311 
311 
311 
311 
311 
311 

n6S0 

4.12 

a  680 

4.16 

O680 

4.07 

O680 

4.17 

«680 

4.12 

Re-sult. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


o  680  grams  or  more  was  tised. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1 J  inches 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Mays 

Millimeters. 
13.70 
13.75 
13.10 

Meters. 
44.0 
44.5 
44.0 

Meters. 
3  ''12 

Do 

3  ''36 

Do 

3,359 

Average  rate  of  detonation,  3,269  meters  (10,720  feet)  per  second. 


RESULTS   OF   TESTS 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 
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Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Vug.  28     

Millimeters. 
8.00 
7.75 
10.75 

Inches. 
10.11 
9.79 
13.58 

Millimeters. 
3.00 
3.00 
4.50 

Milliseconds. 
0.150 

Do 

.1.50 

Do 

.225 

Average  height  of  flame,  11.16  inches. 
Average  duration  of  flame,  0.175  millisecond. 

Impact  Test. 
Date,  August  20,  1912. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of       Number  of 
fall.                 trials. 

Result. 

Centimeters. 
40 
30 
20 
15 
IS 

Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 

Centimeters. 
16 
15 
14 
13 

1 
1 
1 
5 

Explosion. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  13  centimeters 
(5.12  inches). 

Explosion-by-Inpluence  Test. 

Weight  of  each  cartridge,  185  grams. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.  7 

Do 

Do 

Do 

Inches. 

3 
4 
5 
6 

Exploded. 
Do. 
Do. 
Do. 

Sept.  7 

Inches. 

7 
8 
8 
8 

Exploded. 
Did  not  explode. 
Do. 

Do 

Do 

Do 

Do- 

The  minimum  distance  at  which  no  explosion  occurs  established  at  8  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Aug.  19 
Do. 

Aug.  20 
Do 
Do. 
Do. 
Do 

Aug.  21 
Do. 


Charge.a 

Specific 
gravity. 

Grams. 

211 

1.15 

211 

1.15 

211 

1.15 

211 

1.15 

211 

1.15 

211 

1.15 

211 

1.15 

211 

1.15 

211 

1.15 

Height  of 
curve. 


Millimeters. 
19.50 
20.00 
20.00 
18.25 
18.25 
18.25 
17.25 
17.25 
17.25 


Pressure 
per  square 
centimeter. 


Kilograms. 
60.94 
62.50 
62.50 
57.03 
57.03 
57.03 
53.91 
53.91 
53.91 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
61.98 

57.03 

53.91 


o  Including  11  grams  of  the  original  wrapper. 


144 


TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


P=1.911A+0.5B— 1.4110=70.89  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.15.        W=211  grams. 

■ypC! 

M=-— ?=5,796  kilograms  per  square  centimeter  (82,440  pounds  per  square  inch). 
W 

Phoducts  op  Combustion  from  200  Grams  of  the  Explosive  and  11  Grams  op 

THE  Original  Wrapper. 


Date,  May  1.  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

77. 9 

Liquid  (water) 21.7 

Gaseous 103.3 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  105.5  grams.o 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


July  26. 
Do. 
Do. 


Kilograms. 
81.95 
81.95 
81.95 


"C. 
0.733 
.721 
.752 


Calories. 
641.5 
630.8 
658.3 


a  Including  5.5  grams  of  the  original  wrapper. 

j^.verage  large  calories  per  kilogram  of  explosive,  643.5. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1912). 

Before 
explosion. 

After 
explosion. 

Compression. 

Aug.l5 

MillimeteTs. 
63.25 
63.25 
63.25 

Millimeters. 
51.50 
51.50 
51.75 

Millimeters. 
11.75 

Do 

11.75 

Do 

11.50 

Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Sept.  27 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
181 
183 

184 

Cubic  centi- 
meters. 
119 
121 
122 

'C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  121  cubic  centimeters  (7.38  cubic  inches). 


RESULTS   OF    TESTS. 


FORT  PITT  MINE  POWDER  NO.  1. 
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Explosive,  Fort  Pitt  mine  powder  No.  1. 
Class  4,  nitroglycerin. 

Manufactured  by  the  Fort  Pitt  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  173  grams. 

Cartridge  had  not  been  redipped . 

Apparent  specific  gravity  of  cartridge  by  sand,  1.04. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  March  21,  1912. 

Unit  swing  on  this  date,  3.59  inches. 

Weight  of  charge,  in  grams,  300,     300,     300. 

Swing,  in  inches,  3.77,     3.67,     3.60. 

Average  swing,  in  inches,  3.68. 

3.68  :  3.59  :  :  300  :  (293). 
Therefore  the  imit  deflective  charge  of  Fort  Pitt  mine  powder  No.  1  is  293  grams. 

G.\s  .\ND  Dust  Gallery  No.  1. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Mar.  21 

Grams. 
293 
293 
293 
293 
293 
293 
293 
293 
293 
293 

293 
293 

293 

Per  cent. 
7.77 
7.81 
7.98 
7.75 
8.02 
8.11 
8.00 
7.92 
8.33 
8.46 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Mar.25 

Do 

Do 

Do....... 

Do 

Do 

Do 

Test  4. 

Mar.25 

Do 

Mar.26 

Do 

Do 

Grams. 
293 
293 
293 
293 
293 
293 
293 

0  680 
0  680 
0  680 
O680 
o680 

Per  cent. 

No  ignition. 

Do 

Mar.  22 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Mar.25 

4.21 
4.25 
3.93 
4.02 
3.99 

No  ignition. 
Do. 
Do. 
Do 

Do 

Do 

Do 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  \\  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Mar.25 

Millimeters. 
13.05 
12.80 
13.00 

Meters. 
44.0 
44.5 
44.5 

Meters. 

3  372 

Do 

3,477 

Do 

3  423 

Average  rate  of  detonation,  3,424  meters  (11,230  feet)  per  second. 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Height  of 
photograph. 


Height  of 
fiame. 


Duration 
distance. 


Duration  of 
(lame. 


MUlimeters . 

Aug.  28 '  -  11. 75 

Do 11.50 

Do I  9.50 


Inches. 
14.84 
14.53 
12.00 


Millimeters. 
3.25 
4.00 
3.50 


Milliseconds. 

0.162 

.200 

.175 


Average  height  of  flame,  13.79  inches. 
Average  duration  of  flame,  0.179  millisecond. 


Impact  Test. 


Date,  May  17,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Re.sult. 

Centimeters. 
25 
20 
15 

1 
1 
1 

Explosion. 
Do. 
Do. 

Centimeters. 
10 
13 

12 

1 
1 
5 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occtirs  established  at  12  centimeters 

(4.72  inches). 

Explosion-by-Inpluence  Test. 

Weight  of  each  cartridge.  166  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
'cartridge. 

Nov.6 

Do 

Do 

Inches. 

8 
4 

5 

Did  not  explode. 
Exploded. 
Do. 

Nov.6 

Do 

Do 

Inches. 

6 
6 
6 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge." 


Specific 
gravitj'. 


Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


July  26. 

July  27. 

July  29 

July  24 
Do 
Do 

July  26. 
Do 
Do 


Grams. 
212 
212 
212 
212 
212 
212 
212 
212 
212 


1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 


MUlimeters 
21.75 
22.00 
21.75 
21.00 
21.25 
21.25 
20.00 
20.75 
20.25 


Kilograms. 
67.97 
68.75 
67.97 
65.62 
66. 41 
66.41 
62. 50 
64.84 
63.28 


I  Kilograms. 
68.23 


66. 15 


63.54 


o  Including  12  grams  of  the  original  wrapi)er. 


RESULTS   OF   TESTS. 


HI 


P=1.911A+0.5B  — 1.4110=73.81  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S  =  1.04.        W=212  grams. 

VPS 

M=  ly  =5,431  kilograms  per  square  centimeter  (77,250  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  12. G  Grams  op 
THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  March  22,  1912. 
Solid 


Grams. 

62. 3 

Liquid  (water) 11,  2 

Gaseous 129.  5 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  106.5  grams. « 


Date  (1913). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Feb.  10. 
Feb. 13. 
Feb.  14. 


Kilograms. 
81.95 
81.95 
81.95 


'C. 
0.925 


.934 


Calorie  <i. 
804.0 
777.7 
811.9 


a  Including  6.5  grams  of  the  original  wrappier. 
Average  large  calories  per  kilogram  of  explosive,  797.9. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 


Height. 


Before 
explosion. 


After 
explosion. 


Compression. 


May  18. 
Do. 
Do. 


Millimeters. 
63.25 
63.25 
f)3.00 


Millimeters. 
50.00 
49.50 
49.75 


Millimeters. 
13.25 
13.75 
13.25 


Average  compression,  13.4  millimeters  (0.53  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
•shot. 

ture  of 
block. 

Sept.  27 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meter.'!. 
235 
236 
228 

Cubic  centi- 
meters. 
173 
174 
108 

"C. 

15 

Do 

15 
15 

Do 

Average  expansion  of  hore  hole,  172  cuhic  centimeters  (10.49  cubic  inches). 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


FUEL-ITE  NO.  1. 

Explosive,  Fuel-ite  No.  1. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  180  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.10. 

Color  of  explosive,  corn. 

Consistency,  fibrous,  fine,  dry,  very  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  June  19,  1911. 

Unit  swing  on  this  date,  2.98  inches. 

Weight  of  charge,  in  grams,  280,     280,     280. 

Swing,  in  inches,  2.97,     2.86,     2.86. 

Average  swing,  in  inches,  2.90. 

2.90  :  2.98  :  :  280  :  (288). 
Therefore  the  unit  deflective  charge  of  Fuel-ite  No.  1  is  288  grams. 


Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
June  20 

Orams. 

288 
288 
288 
288 
288 
288 
288 
288 
288 
288 

288 
288 
288 

Per  cent. 
8.01 
7.87 
7.85 
8.18 
8.26 
7.96 
8.12 
8.05 
8.10 
8.46 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Jiuie  24 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

June  28 

Do 

Do 

Do 

June  29 

Grams. 

288 
288 
288 
288 
288 
288 
288 
288 

a  680 
O6S0 
a  680 
a  680 
O680 

Per  cent. 

No  ignition. 
Do. 

June  21 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

June  30 

Test  3. 

June  24 . 

3.95 
3.82 
3.95 
3.87 
3.87 

No  ignition. 
Do! 

Do 

Do. 

Do..       . 

Do. 

1 680  grams  or  more  was  used. 
Bate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

June  13 . .     . 

Millimeters. 
14.04 
15.05 
15.26 

Meters. 
48.00 
51.75 
51.00 

Meters. 
3,419 
3,439 
3,342 

June  14 

Do 

Average  rate  of  detonation,  3,400  meters  (11 ,150  feet)  per  second. 


BESULTS  OP   TESTS 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 

• 
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Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan.  2 

Millimeters. 
21. 75 
16.25 
23.50 

Inches. 
27.47 
20.53 
29.68 

Millimeters. 
10.50 
8.25 
12.75 

Milliseconds. 
0  525 

Do 

412 

Do 

638 

Average  height  of  flame,  25.89  inches. 
Average  duration  of  flame,  0.525  millisecond. 

Impact  Test. 
Date,  December  28,  1911. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
12 
13 
14 

1 
1 
1 
1 

Explosion. 
No  explosion. 

Do. 

Do. 

Centimeters. 
18 
16 
16 
15 

1 
2 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  15  centimeters 
(5.91  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  180  grams. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan. 19 

Do 

Do 

Do 

Inches. 

2 
3 
4 
4 

Exploded. 

Do. 
Did  not  explode. 
Exploded. 

Jan 

I 
I 

.19 

Inches. 

5 
5 
5 

Did  not  explode. 
Do 

)o  .   .   .   . 

Do 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 

Date  (1911). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Nov.21 

Orams. 
217 
217 
217 
217 
217 
217 
217 
217 
217 

1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1.10 
1  in 

Millimeters. 
22.25 
22.50 
23.25 
21.50 
21.75 
21.75 
20.00 
20.00 
20  7."; 

Kilograms. 
69.53 
70.31 
72.66 
67.19 
67.97 
67.97 
62.50 
62.50 
64  ^ 

A 
A 
A 
B 
B 
B 
C 
C 

c 

Kilograms. 

Do 

\           70.83 

Do 

Nov.  20 

} 

Nov.21 

\           67.71 

Do 

Nov.16 

1 

Do 

\           63.28 

Nov.  17 

a  Including  17  grams  of  the  original  wrapper. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


P=1.91lA-f0.5B  — 1.4110=79.92  kilograms  per  square  centimeter. 
V= 15,000  cubic  centimeters.        S=1.10.        W=217  grams. 

M=     \.  =6,077  kilograms  per  square  centimeter  (86,440  pounds  per  square  inch). 
W 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  17  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  July  12,  1911. 


SoUd. 


Grams. 
70.6 


Liquid  (water) 10. 

Gaseous 126. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  108.5  grams. o 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Jan.  23. 

Do. 

Jan.  24. 


Kilograms. 
81.95 
81.95 
81.95 


0.808 
.822 
.782 


Calories. 
688.4 
700.5 
eW).  0 


o  Including  8.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  685.0. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1911). 

Before 
explosion. 

After 
explosion. 

Compression. 

Nov.  21 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
49.25 
49.00 
49.00 

Millimefer'i. 
14.25 

Do                                       

14.50 

Do 

14.50 

Average  compression,  14.4  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Sept.  13 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
228 
226 
228 

Cubic  centi- 
meters. 
165 
163 
165 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  164  cubic  centimeters  (10.0  cubic  inches). 


RESULTS   OF    TESTS. 


FUEL-ITE  NO.  2. 
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Explosive,  Fuel-ite  No.  2. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  168  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gra\ity  of  cartridge  by  sand,  1.02. 

Color  of  explosive,  corn. 

Consistency,  fibrous,  fine,  dry,  very  soft,  sKghtly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  June  19,  1911. 

Unit  swing  on  this  date,  2.98  inches. 

Weight  of  charge,  in  grams,  305,     305,     305. 

Swing,  in  inches,  3.12,     3.13,     3.17. 

Average  swing,  in  inches,  3.14. 

3.14   :   2.98  :   :  305   :  (289). 
Therefore  the  unit  deflective  charge  of  Fuel-ite  No.  2  is  289  grams. 

Gas  and  Dust  Gallery  No.  1. 


Test  1. 

June  22.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 
July  31.... 

Test  3. 

June  26.... 
Do.... 
Do.... 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Orams. 

Per  cent. 

289 

7.97 

289 

8.04 

2S9 

8.23 

289 

8.15 

289 

8.04 

289 

8.19 

289 

8.27 

289 

7.98 

289 

8.01 

289 

7.89 

289 
289 

289 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Test  3— Con. 
June  26 

Grams. 
289 
289 
289 
289 
289 
289 
289 

0680 
0680 
O680 
O680 
O680 

Per  cent. 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

June  27 

Do 

Do 

Do 

Do 

4.02 
3.94 
3.92 
3.93 
3.82 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 

Do! 
Do. 
Do. 


o680  grains  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


,^:*^^*»* 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

June  19 

Millimeters. 
17.54 
17.24 
17.18 

Meters. 
43.50 
43.50 
43.50 

Meters. 
2,480 

Do 

2,523 

Do 

2,532 

Average  rate  of  detonation,  2,512  meters  (8,240  feet)  per  second. 


152  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Sept.  11  .         - 

Millimeters. 
8.75 
8.75 
8.00 

Inches. 
11.05 
11.05 
10.10 

Millimeters. 
4.00 
3.75 
3.75 

Milliseconds. 
0.200 

Do 

.188 

Do                         

.188 

Average  height  of  flame,  10.73  inches. 
Average  duration  of  flame,  0.192  millisecond. 


Impact  Test. 


Date,  December  28,  1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Resull. 

Centimeters. 
20 
18 
16 
17 
16 

Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 

Centimeters. 
15 
14 
14 
13 

1 
3 
1 
5 

Explosion. 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  13  centimeters 
(5.12  inches). 

Explosion-by-Inpluence  Test. 

Weight  of  each  cartridge,  168  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan. 19 

Do 

Do 

Inches. 

4 
3 
2 

Did  not  explode. 
Do. 
Do. 

Jan.  19 

Do 

Do 

Inches. 

1 
2 
2 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1911). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter 

Nov.  22 

Orams. 
217 
217 
217 
217 
217 
217 
217 
217 
217 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 

Millimeters. 
20.00 
20.00 
19.50 
19.50 
18.75 
19.25 
18.50 
18.00 
17.75 

Kilograms. 
62.50 
62.50 
60.94 
t)0.94 
58. 59 
60.16 
57.81 
56.2.5 
55.47 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

I           61.98 

Do 

Nov.  23 

] 

Do 

[           59.90 

Nov.  24 

Do 

] 

Do 

\           56. 51 

Do 

o  Including  17  grams  of  the  original  wrapper. 
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P=1.911A+0.5B  — 1.4110=68.66  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.02.        W=217  grams. 

VPS 

M=^=j^=4,841  kilograms  per  square  centimeter  (68,860  pounds  per  square  inch). 
W 

Products  of  Combustion  from  200  Grams  of.  the  Explosive  and  17  Grams  of 
THE  Original  Wrapper. 


Date,  July  13,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

80. 9 

Liquid  (water) 8.  2 

Gaseous 123.  0 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  108.5  grams. a 


Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Jan.  25 

Kilograms. 
81.95 
81.95 
81.95 

"C. 

0.809 
.789 
.788 

Calories. 
689.2 

Do 

672.0 

Do 

671.2 

a  Including  8.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  677.5. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Nov.  21 

Millimeters. 
63.50 
63.25 
63.50 

Millimeters. 
53.50 
53.50 
53.75 

Millimeters. 
10.00 

Do ..  . 

9  75 

Do 

9.75 

Average  compression,  9.8  millimeters  (0.39  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1911). 


\'ohime  of  bore  hole. 


Before 
shot. 


After 
shot. 


Expansion 

of  bore 

hole. 


Tempera- 
ture of 
block. 


Sept.  13. 
Do.. 
Do.. 


Cubic  centi' 

meters. 

63 

63 

63 


Cubic  centi- 
meters. 
196 
199 
200 


Cubic  centi- 
meters. 
133 
136 
137 


Average  expansion  of  bore  hole,  135  cubic  centimeters  (8.24  cubic  inches). 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


FUEL-ITE  NO.  3. 

Explosive,  Fuel-ite  No.  3. 

Class  In,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  145  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.91. 

Color  of  explosive,  corn. 

.Consistency,  fibrous,  fine,  dry,  very  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  June  19,  1911. 

Unit  swing  on  this  date,  2.98  inches. 

Weight  of  charge,  in  grams,  225,     225,     225. 

Swing,  in  inches,  3.05,     3.17,     3.14. 

Average  swing,  in  inches,  3.12. 

3.12  :  2.98  :  :  225  :  (215). 
Therefore  the  unit  deflective  charge  of  Fuel-ite  No.  3  is  215  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
June  23   

Orams. 
215 
215 
215 
215 
215 
215 
215 
215 
215 
215 

215 
215 
215 

Per  cent. 
8.05 
8.05 
8.02 
8.25 
8.00 
7.82 
8.07 
8.14 
7.94 
7.85 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

June  26 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

June  29 

Do 

Do 

Do 

Do 

Grams. 
215 
215 
215 
215 
215 
215 
215 

a  680 
0  680 
O680 
1680 
"680 

Per  cent. 

No  ignition. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

June  26 

3.88 
3.84 
3.81 
4.12 
3.87 

No  ignition. 

Do! 
Do 

Do 

Do 

Do  

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1{  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

June  19 

Millimeters. 
16.83 
16.65 
16.35 

Meters. 
43.50 
43.50 
43.50 

Meters. 
2,585 
2,613 
2  661 

Do 

Do 

Average  rate  of  detonation,  2,620  meters  (8,590  feet)  per  second. 


RESULTS 

Flame 
Peripheral  speed  of  film,  20  meters  per  g 

OF    TESTS 

Test. 
econd. 

• 
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^-^^''''^-                              'pg,'Sph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan.  2                   

Millimeters. 
14.00 
18.25 
18. 75 

Inches. 
17.68 
23.05 
23.68 

MillimeleT.i . 
5.25 
7.00 
7.00 

Milliseconds. 
0  262 

Do        

.350 

Do 

.350 

Average  height  of  flame,  21.47  inches. 
Average  duration  of  flame,  0.321  millisecond. 

Impact  Test. 
Date,  January  10,  1912. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
30 
2.1 

1 

1 
1 

No  explosion. 
Explosion. 
Do. 

CeTUimeters. 
23 
22 

1 
5 

Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  22  centimeters 
(8.66  inches). 

Explosiox-by-Ixfluj:nce  Test. 

Weight  of  each  cartridge,  146  grams. 

Date  (1912). 

s«toe             Result,  upper 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  8 

Do 

iTiches. 

2 

Did  not  explode. 
Exploded. 

Feb.  8 

iTiches. 

2 
2 

Did  not  explode. 
Do 

Do 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  ik  Own  Volume,  as  Determijzed 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  minimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


Charge.a 

Specific 
gravity. 

Grams. 

220 

0.91 

220 

.91 

220 

.91 

220 

.91 

220 

.91 

220 

.91 

220 

.91 

220 

.91 

220 

.91 

Heightof  i    i;^^f„^^^^     Cooling 
^^■'-        ?ent!reter.    '^'^-^^- 


Average 

pressure 

per  square 

centimeter. 


Nov.  29. 

Do.. 

Do.. 
Dec.  1... 

Do.. 

Do.. 

Do.. 

Do.. 
Dec.  2... 


Millimeters. 
31.25 
31.00 
30.00 
29.50 
29.75 
29.00 
28.00 
27.50 
28.00 


Kilograms. 
97.64 
96.87 
93.75 
92.19 
92.97 
90.63 
87.50 
85.93 
87.50 


Kilograms. 
[  96.09 

91. 93 

Si>.  98 


«  Including  20  grams  of  the  original  wrapper. 
91853°— Bull.  66—13 11 
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TESTS    OF    PERMISSIBLE    EXPLOSIVES. 


P=1.911A-f0.5B  — 1.4110=104. 66  kilograms  per  square  ceiitimeter. 

V=15,000  cubic  centimeters.        S=0.91.        W=220 grams. 

VPS 
M=-vf^=6,630  kilograms  per  square  ceiilimeter  (94,310  pounds  per  square  incliV 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  20  Grams  of 

THE  Original  Wrapper. 


Date,  July  14.  1911. 
Solid 


(Analyst,  A.  L.  Hyde] 


OranLs. 

16.  3 

Liquid  (water) 64.  0 

Gaseous 130.  0 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  110.0  grams." 


Pate  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Jan.  25 .    . .              ; 

Kilograms. 
81.95 
81.95 
81.95 

"C. 
1.203 
1.210 

1.187 

Calorif. 
1,014.7 

Jan.  26 

1,020.7 

Do 

1.001.1 

"  Including  10  grams  of  the  original  wrapper. 

Average  lai-ge  calories  per  kilogram  of  explosive,  1,012.2. 

Compression  of  Small  Lead  Blocks. 
Chaise,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Xov.  21 

yfillimeters. 
63.50 
63.50 
63.50 

^fil1imctrTs. 
50.25 
50.00 
50.25 

^fiHimcters. 
13. 25 

Do 

13.50 

Nov.  28 

13.25 

Average  compression,  13.3  millimeters  (0.52  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Dale (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Ian.  11..                         

CliJiic  ceiUi- 

meters. 

62 

62 

62 

Cubic  centi- 
meters. 
346 
338 
348 

Cubic  centi- 
meters. 
2X.1 
276 

2.W 

"C. 

IH 

Do                   

20 

Do 

10 

Avenge  expansion  of  bore  holf,  282  cubic  centimeters  (17.20  cubic  inches). 


EESULTS   OF    TESTS. 


GIANT  A  LOW-FLAME  DYNAMITE. 
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Explosive,  Giant  A  low-flame  dynamite. 

Class  2,  hydrated. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination: 

Diameter  of  cartridge,  1[  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  216  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.27. 

Color  of  explosive,  com. 

Consistency,  granular,  coarse,  wet,  hard,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  July  1,  1909. 

Unit  swing  on  this  date,  2.89  inches. 

Weight  of  charge,  in  grams,  350,     350,     350. 

Swing,  in  inches,  3.04,     3.02,     2.94. 

Average  swing,  in  inches,  3.00. 

3.00  :  2.89   : :  350  :  (337). 
Therefore  the  unit  deflective  charge  of  Giant  A  low-flame  dynamite  is  337  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 


Test  1 

Julvl 

Do... 
Do... 

July  2 

Do... 
Do... 
Do..., 
Do..., 
Do..., 
Do... 

Test  3 

Julv3 

"Do.... 
Do..., 


Weight 
charge. 


Methane 

and 
ethane. 


Grams. 

337 
337 
337 
337 
337 
337 
337 
337 
337 
337 


337 
337 
337 


Per  cent. 
8.11 
8.11 
8.06 
8.11 
8.22 
8.22 
7.97 
8.06 
8.06 
8.06 


Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1909). 


Test  3— Con 

July3 

Do 

Do 

Do 

July  6 

"Do 

Do 

Test  4. 

July  1 

Do 

Do 

Do 

Do 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

.337 
337 
337 
337 
337 
337 
337 

a  680 

3.95 

n680 

4.02 

o(>80 

3.95 

a  m) 

4.02 

oGS.0 

4.11 

Result. 


No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


a  680  grams  or  more  was  u.sed. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator.  No.  7. 


Date  (1909). 


Aug.  25 
Aug.  26, 
Sept.  1 . 


Distance 

between 

spark  points. 


Millimeters. 
17.30 
17.31 

17.38 


Peripheral 

speed  of  drum 

per  second. 


Meters. 


Rate  of 
detonation 
per  second. 


Meters. 

2,486 
2,484 
2,474 


Average  rate  of  detonation,  2,481  meters  (8,140  feet)  per  second. 
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TESTS   OF   PEEMISSIBLE   EXPLOSIVES. 


1 


Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  30 

Millimeters. 
15.25 
14.50 
16. 50 

Inches. 
19. 20 
18.  .'{2 
20.  SI 

^fiUimeters. 
8.50 
6.25 
9.25 

Milliseconds. 
0.425 

Do 

.312 

Do. 

.-162 

Average  height  of  flame,  19.47  inches. 
Average  duration  of  flame,  0.400  milliset^ond. 

Impact  Test. 
Date,  May  2,  1910. 


Distance  of  ' 
fall. 

Numboi  of 

trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
10 
20 

1 
1 

No  explosion. 
Explosion. 

Centimeters. 
18 
19 

1 

5 

No  explosion. 
Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  19  centimeters 
(7.48  inches^. 

Explosion-by-Influence  Test. 

Weiglit  of  each  cartridge,  214  gram>s. 


Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan.  31 

Do 

Do 

Do 

Do 

Do 

Do 

Feb.  12 

Inches. 

6 
4 
3 

4 
5 
6 

7 
8 

Did  not  explode. 

Do. 
Exploded. 

Do. 

Do. 

Do. 

Do. 

Do. 

Feb.  12 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Inches. 

9 
14 
11 
13 
12 
12 
13 
13 

Exploded. 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Do. 
Exploded. 
Did  not  explode. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  extablished  at  13  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Feb.  5. . 
Feb.  6.. 

Do. 
Feb.5.. 

Do. 

Do. 

Do. 

Do. 

Do. 


Date  (1913). 


Charge.o 


Orams. 
214 
214 
214 
214 
214 
214 
214 
214 
214 


Specific 
gravity. 


1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 
1.33 


Height  of 
curve. 


Millimeters. 
19.25 
19.75 
20. 00 
IS.  75 
18.75 
18. 75 
19.00 
IS.  75 
18.50 


Pressure  n/^^iir,™ 

ner  sniiarp  Coolmg 

per  square  enrfopo 

centimeter,  suriace. 


Kilograms, 
m.  16 
61.  72 
62. 50 
58. 59 
58.  59 
58. 59 
59.38 
58.59 
57.81 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
I  01.46 

[  5S.  59 

\  58. 59 


I  Including  14  grams  of  the  original  wrapper. 
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P=1.911A+0.5B— 1.4110=64. 07  kilogram.'!  per  .'square  centimeter. 

V=15,000  cubic  centimeters.        S=1.33.        W=214  gram.s. 

VPS 
M=  --—=5,973  kilograms  per  square  centimeter  (84,960  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  14  Grams  op 

THE  Original  Wrapper. 

(Analyst,  A.  L.  Hyde.] 

Date,  February  7,  1913.  Grams. 

Solid : 83.  4 

Liquid  (water) 17.  1 

Gaseous 95.  3 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  107.0  grams. « 


Date  (1913). 


Weight 
of  water. 


Rise  in 

tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Feb.  3.. 
Do. 
Do. 


Kilograms. 
81.95 
81.95 
81.95 


°C. 
0.772 
.801 
.764 


Calories. 
666.5 
691.9 
659.5 


a  Including  7  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  672.6. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1009). 

Before 
explosion. 

After 
explosion. 

Compression. 

July  7 

Millimeters. 
64.00 
64.00 
04.00 

Millimeters. 
52.50 
52.00 
52.50 

Millimeters. 
11.50 
12  00 

Do 

Do 

U.50 

Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  op  Bore  Hole  op  Trauzl  Lead  Block. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1910). 

Before 
shot. 

jVfter 
shot. 

ture  of 
block. 

Mar.  19 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
214 
210 
208 

Cubic  centi- 
meters. 
152 
148 
140 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  149  cubic  centimeters  (9.09  cubic  inches). 


I 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


GIANT  B  LOW-FLAME  DYNAMITE. 

Explosive,  Giant  B  low-flame  djmamite. 

Class  2,  hydra  ted. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  237  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.35. 

(^olor  of  explosive,  corn. 

Consistency,  granular,  coarse,  wet,  hard,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  July  1,  1909. 

Unit  swing  on  this  date,  2.89. 

Weight  of  charge,  in  grams,  350,     350,     350. 

Swing,  in  inches,  2.77,     2.72,     2.76. 

Average  swing,  in  inches,  2.75. 

2.75  :  2.89  :  :  350  :  (368). 
Therefore  the  unit  deflective  charge  of  Giant  B  low-flame  dynamite  is  368  gramp 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Eesult. 

Test  1. 

July  6 

Do        .   . 

Grams. 
368 
368 
368 
368 
368 
368 
368 
368 
368 
368 

368 
368 
368 

Per  cent. 
7.97 
8.22 
8.06 

7.88 
7.88 
7.88 
7.79 
7.96 
7.94 
7.79 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  igTiition. 
Do. 
Do. 

Test  3— Con. 

July  7 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

July  6 

July  15 

Do 

Do 

Do 

Grams. 
368 
368 
368 
368 
368 
368 
368 

a  680 
(1680 
"680 
a  680 
(1680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

July- 

Do    ...   . 

3.95 
4.25 
4.00 
4.00 
4.17 

No  ignition. 
Do. 
Do. 
Do. 

Do. 

Do  

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1909). 

DLstance 

between 

.spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Aug.  2C .     . 

Millimeters. 
15.47 
15.48 
15.57 

Meters. 
43.0 
43.0 
43.0 

Meters. 

2,780 

Do 

2,778 

Sept.  2 

2,762 

Average  rate  of  detonation,  2,773  meters  (9,100  feet)  per  second. 


HKSlM/rS    OK    TKS'I'S. 

Fi.AME  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 
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Dat«(I910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  29 

Millimeters . 
16.00 
13.50 
18.50 

Inches. 
20.21 
17.05 
23.37 

Millimeters. 
7.50 
8.25 
9.75 

Milliseconds. 

0.375 

.412 

.488 

Do 

Do 

Average  height  of  flame,  20.21  inches. 
Average  duration  of  flame,  0.425  inilliseeond. 


Date,  May  2,  1910. 


Impact  Test. 


Distance  of 
fall. 

Numbe?  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
30 
25 

1 
1 
1 

No  explosion. 
Explosion. 
No  explosion. 

Centimeters. 
28 
29 

1 

5 

No  explosion. 
Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  29  centimeters 
(11.42  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  224  grams. 


Date  (1913). 

Distance 

separating 
cartridges. 

Result,  upper 
cartridge. 

1 
Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Jan. 31 

Do 

Do 

Do 

Feb.  1 

Do 

Inches. 

6 
10 
14 
IS 
16 
15 

Exploded. 

Do. 

Do. 
Did  not  explode. 

Do. 
Exploded. 

Feb.l 

Feb.  11 

Do 

Do 

Do 

Inches. 

16 
17 
17 
18 
18 

Exploded. 
Did  not  explode. 
Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  18  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

f'harge.n 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Feb.  6 

Grams. 
213 
213 
213 
213 
213 
213 
213 
213 
213 

1.39 
1.39 
1.39 
1.39 
1.39 
1.39 
1.39 
1.39 
1.39 

Millimeters. 
17.75 
18.25 
17.75 
16.25 
16.00 
16.25 
15.  75 
15.75 
15.  75 

Kilograms. 
55.47 
57.03 
55.47 
50.78 
50.00 
50.78 
49.22 
49.22 
49.22 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

Do 

r,n.  99 

Do 

Do 

50. 52 

Feb.  7 

Do 

Do 

49.22 

Do 

•  lodudiog  13  grains  of  the  original  wrapperi 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


i 


r  =  L9nA+0.5H  —  l.411("=62.81  kilograms  per  square  centimeter. 
V  =  15,000eulne  oentimeters.         S=1.39.         W=213  grams. 

M=j_Ll'=().148  kilograms  per  square  centimeter  (87,440  pounds  per  square  inch). 

Products  of  ("ombustiox  from  200  Grams  of  the  Explosive  and  13  Grams  of 

THE  Original  ^Y rapper. 


[Analyst  A.  L.  Hyde.] 


Date,  February  10,  1913. 
id 


Grams. 
.    61.8 


Sol 

Liquid  (water) 36.  1 

Gaseous 91.5 


CoMPKK.s.siox  of  Small   I.icad  Blocks. 


(  hartre,  100  grams. 


Date  (1909). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Jnlv  7                                         

Millimeters. 
04.00 
04.00 
64.00 

Millimeters. 
51.80 
52.00 
52.00 

Millimeters. 
12.20 

■  Do                      

12.00 

Do 

12.00 

Average  compression,  12.1  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
("harge,  10  grams. 


N'olume  of  bore  hole. 

Expansion 
of  liore 
hole. 

Tempera- 

Date (1910). 

liefore 
shot. 

After 
shot. 

ture  of 
IWock. 

Mar.  19 

Cubiccenti- 

meters. 

62 

62 

62 

Cubic  centi- 
meters. 
200 
204 
200 

Cttbiccenti- 

meters. 

138 

142 

13S 

"C. 

15 

Do                

15 

Do 

15 

Average  expansion  of  bore  hole,  139  cubic  centimeters  (8.48  cubic  inches). 

GIANT  C  LOW-FLAME  DYNAMITE. 

Explosive,  Giant  C  low-flame  dynamite. 

Class  2,  hydra  ted. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  274  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.55. 

Color  of  explosive,  drab. 

Consistency,  granular,  coarse,  wet,  soft,  moderately  cohesive. 


RESULTS    OF    TESTS. 
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Unit  deflective  charge  as  detormined  hy  the  ])alli.stio  j)(Midiiliinr 

Date,  July  2,  1909. 

Unit  swing  on  this  date,  2.89. 

Weight  of  charge,  in  grams,  310,     310,     310. 

Swing,  in  inches,  3.04,     2.94,     2.99. 

Average  swing,  in  inches,  2.99. 

2.99  :  2.89  :  :  310  :  (300)- 
Therefore  the  unit  deflective  charge  of  Giant  C  low-flame  dynamite  is  300  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date  (1909). 

of 

and 

Result. 

Date  (1909). 

of 

and 

Re.sult. 

charge. 

ethane. 

charge. 

ethane. 

Te.st  1. 

Test  3— Con. 

Oram.s. 

Per  cent. 

Oram.i. 

Per  cent. 

JulvS 

300 

7.96 

No  ignition. 

July  8 

300 

No  ignition. 

Do      

30(J 
300 
300 

8.13 
7.96 
7.96 

Do. 
Do 
Do. 

Do 

Do 

Do 

300 
.300 
300 

Do 

Do  

Do 

Do 

Do. 

Do 

300 

8.13 

Do. 

July  9 

300 

Do. 

Do 

300 

8.30 

Do. 

Do 

300 

Do. 

Do 

300 

7.96 

Do. 

Do 

300 

Do. 

Do 

300 

7.79 

Do. 

Do 

300 

8.13 

Do. 

TE.ST  4. 

Do 

300 

7.96 

Do. 

Julys 

«680 

3.97 

No  ignition. 

Test  3. 

July  15 

a  680 

4.17 

Do. 

Do 

0  680 

4.17 

Do. 

Julys 

Do  

300 

No  ignition. 
Do. 

July  16 

Do.. 

a  680 

4  17 

Do 

300 

a  680 

4  09 

Do 

Do 

300 

Do. 

1 680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1^  inclies. 
Electric  detonator.  No.  7. 


l)at(:((1909). 

Distanco 

between 

spark  points. 

I'cripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Aug.  2G 

Millimeters. 
15.55 
16.05 
16.15 

MeUrs. 
43.0 
43.0 
43.0 

Meters. 
2,76.5 
2  679 

Aug.  27 

Oct.  9 

2,663 

Average  rate  of  detonation,  2,702  meters  (8,860  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  29 

Millimeters. 
18. 50 
22.00 
20.25 

Inches. 
23.37 
27.79 
25.58 

Millimelers. 
9.50 
9.75 
10. 25 

MillisecoTlds, 
0.476 

Do 

.488 

Do 

512 

Average  height  of  flame,  25.58  inches. 
Average  duration  of  flame,  0.492  millisecond. 


i 
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Date,  May  3,  1910. 


TESTS   OF    PERMISSIBLE   EXPLOSIVES. 
Imi'Act  Test. 


I 


IMshuifc  111 
f.ill. 

N,imb..rof                   j^,,,„„ 
Irials. 

1 

Distance  of 
fall. 

Numlier  of 
trials. 

Resiill. 

Centimeters. 
28 
30 
34 
32 
33 
32 

No  explosion. 

Do. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

Cetitimeters. 
32 
31 
30 

28 
27 
26 

5 

Explosion. 
Do. 
Do. 

Do. 
Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  2(5  centimeters 
(10. LM  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  240  grams. 


Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1913). 

5SS     ■'si'i.-p-' 

cartridges.                caririage. 

Feb.  12 

Do 

Do 

Do 

Inches. 

15 
17 
19 
21 

Exploded. 

Do. 

Do. 
Did  not  explode. 

Feb.  12 

Do 

Do 

Inches. 

20 
20 
20 

Did  not  explode 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  20  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

Charge.'! 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

.Average 

pressure 

per  square 

centimeter. 

Feb.  6 

Grams. 
212 
212 
212 
212 
212 
212 
212 
212 
212 

1.49 
1.49 
1.49 
1.49 
1.49 
1.49 
1.49 
1.49 
1.49 

Millimeters. 
21.75 
21.00 
21.50 
20.75 
20.00 
20.50 
19.00 
19.00 
19.25 

Kilograms. 
67.97 
65.62 
67. 19 
64.84 
62.50 
64.06 
59.38 
59.38 
60.16 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 
] 

Do 

\           66. 93 

Do 

1 

Feb.  7 

Do 

[           tW.SO 

Do 

Do 

j 

Do 

I            59.64 

Feb.  8 

«  Including  12  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=75.65  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S  =  1.49.        W=212  grams. 

VPS 
M=^rn-=7,975  kilograms  per  square  centimeter  (113,430  pounds  per  square  inch). 

Products  ok  Combustion  from  200  Grams  of  the  Explosive  and  12  Grams  op 

THE  Original  Wrapper. 


Date,  February  11,  1913. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 
.   64.  6 


Liquid  (water) ., 23.  2 

Gaseous 94.  7 


RESULTS   OF    TESTS. 

Large  Calories  Developed   by  1  Khooram  ok  the  Explosive. 
Charge,  106.0  grama." 
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Date(19i:{). 

Weight 
of  water. 

RLse  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Feb.  5  

Kilograms. 
81.95 

°C. 
0.947 
.955 
.913 

Calories. 
827  2 

Do 

81.95 
81.95 

834  2 

Do 

797.3 

a  Including  fi  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  819. G. 

Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1909). 

Height. 

Before 
explosion. 

After 
explosion. 

Compre  ssion. 

July  7 

Millimettrs. 
64.00 
64.00 
64.00 

yfilUmeters. 
49.30 
49.80 
49.10 

Millimeters. 
14.70 

Do 

14.20 

Do 

14.90 

Average  compression,  14.6  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date  (1910). 

Before 
shot. 

After 
shot. 

tiireof 

block. 

May  26 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
174 
177 
172 

Cubic  centi- 
meters. 
Ill 
114 
109 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole.  111  cubic  centimeters  (6.77  cubic  inches). 
GIANT  COAL-MINE  POWDER  NO.  5. 

Explosive,  Giant  coal-mine  powder  No.  5. 
Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  157  grams. 

Cartridge  had  been  redipp>ed. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.89. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  mostly  very  fine  with  large  white  crystals, 
dry,  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  deternunod  l)y  the  ballistic  pendulum: 

Date,  September  12,  1911. 

Unit  swing  on  thi.s  date,  3.23  inches. 

Weight  (.f  charge,  in  grams,  230,     230,     230. 

Swing,  in  inches,  3.25,     3.22,     3.32. 

Average  swing,  in  inches,  3.26. 

3.26  :  3.23  :  :  230  :  (228). 
Therefore  the  unit  deflective  charge  of  (jiant  coal-mine  powder  No., 5  is  228  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 

Sept.  15 

Do    ... 

Oram.s. 
228 
228 
228 
228 
228 
228 
228 
228 
228 
228 

228 
228 
228 

Per  cent. 
8.16 
8.27 
8.11 
8.19 
8.19 
8.31 
8.33 
7.97 
8.08 
7.90 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

TE.ST  3— Con. 

Oct.  5 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  13 

Do 

Sept.  15 

Sept.  18 

Do 

Grams. 
228 

228 
228 
228 
228 
228 
228 

a  680 
0  680 
0  680 
a6S0 
1680 

Per  cent. 

No  ignition. 
Do. 

Do  

Do. 

Sept.  16 

Do       .  . 

Do. 

Do. 

Do 

Do 

Do. 

Do. 

.Sept.  18 

Do 

Do 

Test  3. 

Oct.  5 

4.19 
4.26 
4.06 
4.26 
4.23 

No  Ignition. 
Do. 
Do. 
Do. 

Do.     . 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1 J  inches. 
Electric  detonator.  No.  7. 


Date  (1911). 


Sept.  13 
Sept.  14 
Sept.  18 


Distance 

between 

sparlc  points 


MitH  meter.'!. 
14.70 
14.10 
14.  ,50 


Peripheral 
speed  of  drum 
per  second. 


Meters. 
45.0 
45.0 
45.0 


Rate  of 
detonation 
per  second. 


Meters. 
3,061 
3, 191 
3, 103 


Average  rate  of  detonation,  3,118  meters  (10,230  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Feb.  20. 

Millimeters. 
16.50 
19.50 
19.50 

Inches. 
20.84 
24.63 
24.63 

Millimeters. 
6.50 
8.00 
8.75 

Milliseconds. 
0..325 

Do 

.400 

Do 

.438 

Average  height  of  flame,  23.37  inches. 
Average  duration  of  flame,  0.388  milli.second. 


RESULTS   OF   TESTS. 
Impact  Test. 
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Date,  January  11,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
24 
16 
20 
18 
16 
16 

Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 

Centimeters. 
15 
14 
14 
13 
Mi 
12 

1 
1 
1 
2 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  147  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  28 

Do 

Inches. 
2 

1 

Did  not  explode. 
Exploded. 

Feb.  28 

Do 

Inches. 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  inillimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Feb.  9.    .    .               

Grams. 
217 

Do                  

217 

Feb.  10 

217 

Feb. 2 

217 

Do 

217 

Feb. 5 

217 

Do 

217 

Do 

217 

Feb.  6 

217 

Charge,  a 


Specific 
gravity. 


0.89 


89 


Height  of 
curve. 


Millimeters. 
30.00 
30.00 
:30.50 
30.50 
31.75 
31.00 
26.  75 
26.25 
26.50 


Pressure 
per  square 
centimeter. 


Kilograms. 
■  93.  75 
93.75 
9.5. 31 
95.31 
99.22 
96.88 
83.59 
82.03 
82.81 


Cooling 
surface. 


.\verage 

pressure 

per  square 

centimeter. 


Kilograms. 
\  94.27 


97.14 


82.81 


I 


a  Including  17  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=111.88  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.89.        W=217  grams. 

VPS 
M=^=r-=6,883  kilograms  per  square  centimeter  (97,910  pounds  per  square  inch). 
W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  17  Grams  op 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hydc.l 


Date,  November  15,  1911. 
Solid 


Grams. 

2. 4 

Liquid  (water) 65.  5 

Gaseous 140. 9 


168  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calokiks  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  108.5  grains.^ 


Date  (1912). 


Feb.  2.. 

Do. 

Feb.  5.. 


Weight 
of  water. 


Kilogramx. 
81.95 
81.95 
81.95 


liise  in 
tempera- 
ture. 


1.098 
1.102 
1.103 


Heat  devel- 
oped per 
kilogram. 


Calories. 
939.1 
942.6 
943.5 


a  Including  8.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  941.7. 

Compression  of  Small  Lead  Blocks. 

Charge,  100  grains. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Feb.  11'                                        

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
49.75 
50.00 
50.25 

Millimeters. 
13.75 

Uo    

13.50 

Do 

13.25 

Average  compression,  13.5  millimeters  (0.53  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 

Volume  0 

Before 
shot. 

bore  hole. 

After 
shot. 

Expansion 
of  bore 
hole. 

Tempera- 
ture of 
block. 

Feb.  20  .           .                   

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
340 
332 
345 

Cubic  centi- 
meters. 
278 
270 
283 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  277  cubic  centimeters  (16.90  cubic  inches). 
GIANT  COAL-MINE  POWDER  NO.  6. 

Explosive,  Giant  coal-mine  powder  No.  G. 

Class  2,  hydrated. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination : 

Diameter  of  cartridge,  1[  inches. 

Length  of  cartridge,  8  inches. 

AA-erage  weight,  201  grams. 

Cartridge  had  been  redipped. 

.Apparent  specific  gravity  of  cartridge  by  sand,  1.14. 

i'olor  of  explosive,  corn. 

Consi.stency,  granular  and  fibrous,  mostly  very  fine  with  a  few  large  white 
crystals,  wet,  soft,  moderately  cohesive. 


RESULTS    OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulmn: 

Date,  September  12,  1911. 

Unit  s%ving  on  this  date,  3.23  inches. 

Weight  of  charge,  in  grams,  290,     290,     290. 

Swing,  in  inches,  3.40,     3.37,     3.36. 

Average  swing,  in  inches,  3.38. 

3.38  :  3.23  :  :  290  :  (277). 
Therefore  the  unit  deflective  charge  of  Giant  coal-mine  powder  No.  G  is  277  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 


Sept.  21 . 

Do.. 

Do.. 
Sept.  23. 

Do.. 

Do.. 

Do.. 
Sept.  25. 

Do.. 

Do.. 


TE.ST  3. 


Oct. 


Do. 
Do. 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

277 

7.93 

277 

7.97 

277 

7.91 

277 

8.27 

277 

7.91 

277 

8.01 

277 

8.17 

277 

8.27 

277 

8.14 

277 

8.01 

277 
277 
277 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1911). 


Test  3— Con 

Oct.  5 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  18 

Sept.  19 

Do 

Do 

Sept.  20 


Weight 

of 
charge. 

Methane 

and 
ethane. 

Grams. 
277 
277 
277 
277 
277 
277 
277 

"680 
a  680 
0  680 
a  680 
1680 

Per  cent. 

4.29 
4.22 
4.22 
3.86 
3.99 

Result. 


No 


No 


ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 


icnition. 

Do. 

Do. 

Do. 

Do. 


a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1|  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


Rate  of 
detonation 
per  second. 


Sept.  12. 

Sept.  IS. 
Sept.  19. 


Millimeters. 
12.79 
12.99 
12.02 


Meters. 
45.0 
45.0 
43.0 


Meters. 
3,518 
3,464 
3,577 


Average  rate  of  detonation,  3,520  meters  (11,550  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Height  of      Height  of 
pilot  ograph.       flame. 


Millimeters.  Inches. 

JmI>.  20 13.25  i  16.74 

Do Hi.  .W  20. 84 

Do 14.00  ;  17.68 


Duration 
distance. 


Millimeters. 
5.00 
8.00 
6.75 


Duration  of 
flame. 


Milliseconds. 

0.250 

.400 

.338 


Average  height  of  flame,  18.42  inclics. 
Average  duration  of  flame,  0.329  millisecoud. 
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TESTS    OF    PERMISSIBLE    EXPLOSIVES. 

I 

Impact 

Test. 

, 

Date,  February  3,  1913. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
tiials. 

Result. 

Centimeters. 

Centimeters. 

70 

Explosion. 

25 

No  explosion. 

60 

Do. 

2S 

Explosion. 

50 

Do. 

26 

No  explosion. 

40 

Do. 

27 

Explosion. 

30 

Do. 

26 

Do. 

20 

No  explosion. 

25 

4 

No  explosion. 

The  maximum  height  at  which  tio  explosion  occurs  established  at  25  centimeters 
(9.84  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  183  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  29 

Do 

Do 

Do 

Inches. 

3 

2 

1 
2 

Did  not  explode. 

Do. 
Exploded. 
Did  not  explode. 

Feb.  29 

Do 

Do 

Inches. 

2 
3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge." 


Specific      Height  of 
gravity.        curve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Feb.  8.. 

Do. 
Feb.  9.. 
Feb.  8. . 

Do. 

Do. 
Feb.  6.. 
Feb.  7.. 
Feb.  8.. 


Grams. 
215 
215 
215 
215 
215 
215 
215 
215 
215 


1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 
1.14 


Millimeters. 
24.50 
23.50 
23.50 
22. 00 
22.25 
22.50 
20.00 
20.50 
20.25 


Kilogra  ms. 
76.56 
73.44 
73.44 
68.75 
69.53 
70.31 
62.50 
64.06 
63.28 


Kilograms. 
^  74. 48 

69. 53 

63. 28 


"  Including  15  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=87.81  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.         S=1.14.        W=215  grams. 

VPS 
M=-^rFT-=6,984  kilograms  per  square  centimeter  (99,340  pounds  per  sciuare  inch). 

Products  ok  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

the  Original  Wrapper. 

|.\nalyst,  A.  I,.  Hydo.] 


Dale.  iNovonibcr  l(i,  1911. 
Solid 


Grams. 

24. 2 

Liquid  (water) 44.  5 

Gaseous 130. 0 
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Large  Calories  Developed  by  i  Kilogram  of  the  Explosive. 
Charge,  107.5  grams. <* 


Date  (1912). 


Weight 
of  water. 


Kise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Feb.  6.. 
Do. 
Do. 


A  ilograms. 
81. 95 
81.95 
81.95 


'C. 
0.924 
.913 

.881 


Calorics. 
794.9 

78.5.4 
757.5 


o  Including  7.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  779.3. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Feb. 12 

Do . .     .    . 

Millimeters. 
63.25 
a3.25 
63.50 

Millimeters, 
il.  .50 
48.25 
47.75 

Millimeters. 
15. 75 
15  00 

Do 

15  75 

Average  compression,  15.5  millimeters  (0.61  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

of  bore 
hole. 

ture  of 
block. 

Feb.  20 

Do 

Do 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
250 
256 
259 

Cubic  centi- 
meters. 
188 
194 
197 

°C. 

15 
15 
15 

Average  expansion  of  bore  hole,  193  cubic  centimeters  (11.77  cubic  inches). 
GIANT  COAL-MINE  POWDER  NO.  7. 

Explosive,  Giant  coal-mine  powder  No.  7. 

Class  2,  hydrated. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  208  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.10. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrfius,  mostly  very  tine  with  a  fi-w  hirgo  while  crys- 
tals, wet,  soft,  moderately  cohesive. 

91853°— Bull.  66—13 12 
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TESTS    OF    PERMISSIBLE    EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  baUistic  pendulum: 

Date,  September  12,  1911. 

Unit  swing  on  this  date,  3.23  inches. 

Weight  of  charge,  in  grams,  245,     245,     245. 

Swing,  in  inches,  3.27,     3.23,     3.19. 

Average  swing,  in  inches,  3.23. 

3.23  :  3.23  :  :  245  :  (245). 
Therefore  the  unit  deflective  charge  of  Giant  coal-mine  powder  No.  7  is  245  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1.. 

Sept.  25 

Do  

Grams. 
245 
245 
245 
245 
245 
245 
245 
245 
245 
245 

245 
245 
245 

P(T  cent. 
8.33 
8.30 
8.20 
8.36 
8.35 
8.18 
8.26 
8.20 
8.44 
7.98 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Oct.  4 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  19 

Do 

Do 

Sept.  20 

Do 

Graws. 
245 
245 
245 
245 
245 
245 
245 

O680 
0680 
0  680 
O680 
O680 

Per  cent. 

No  imition. 

Do 

Do 

Do    

Do. 

Do 

Do. 

Do 

Do 

Do    

Do. 

Oct  .3 

4.02 
4.15 
4.03 
4.06 
4.03 

Do 

Do 

Tests. 

Oct.  4 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do 

Do 

1  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  \\  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Sept.  20 

^^llimeters. 
13. 30 
13.74 
13.87 

^feters. 
45.0 
45.0 
45.0 

Meters. 

3,383 
3,275 

Do 

Do .     . 

3  244 

Average  rate  of  detonation,  3.301  meters  (10,830  feet )  per  t^econd. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  j>er  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Feb.  20 

Maiimeters. 
6.75 
12.25 
15.50 

Inches. 
8.53 
15.47 
19.58 

Millimelers. 
2.50 
4.50 
8.00 

MiUiseconds. 

Do 

225 

Do 

.400 

Average  height  of  flame,  14.53  inches. 
Average  duration  of  flame,  0.250  millisecond. 


L 


RESULTS   OF   TESTS. 
Impact  Test. 
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Date,  February  4,  1913. 


Distance  of 
fall. 

Number  of 
dials. 

Result. 

Distance  of 
fall. 

Numbei  of 
trials. 

Result. 

■Centimeters. 
30 
35 
40 
35 
37 

1 

No  e-xplosion. 

Do. 
Explosion. 
No  explosion. 

Do. 

Centimeters. 
38 
39 
38 
37 

1 
1 
1 
4 

No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  37  centimeters 
(14.57  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  191  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Distance 

Date  (1912).       separating 

cartridges. 

Result,  upper 
cartridge. 

Feb.  29 

Do 

Inches. 

3 

Did  not  explode. 
Exploded. 

Feb.  29 

Do 

Ijwhes. 

3 
3 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912). 


Charge." 


Specific 

gravity. 


^^^  *'■      I  centimeter. 


Average 
Cooling      pressure 
surface,     per  square 
'  centimeter. 


Feb.  28. 

Do. 

Do. 
Feb.  23. 

tDo. 
Do. 
Do. 
Do. 
Do. 


Grams. 
215.6 
215. 6 
215.  (i 
215.  fi 
215.6 
215.6 
215.6 
215.6 
215.6 


1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1.19 
1.19 


Millimeters. 
21.00 
21.  75 
22.00 
19.50 
19.00 
19.00 
19.00 
18.75 
19.  75 


Kilograms. 
65.62 
67.97 
68.75 
60.94 
59.38 
59.38 
59.38 
58.59 
61.72 


Kilograms. 
67.45 


59.90 


59.90 


1  Including  15.6  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=74.33  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.19.        W=215.6  grams. 


M= 


VPS 


ty^=6,154  kilograms  per  square  centimeter  (87,540  pounds  per  square  inch). 


Products  of  Combustion  from  200  Grams  of  the  Explosive  and  16  Grams  of 

THE  Original  Wrapper. 


Date,  November  17,  1911. 
SoUd 


[Analyst,  A.  L.  Hyde.] 


Grams. 

33. 3 

Liquid  (water) 48.  5 

GaeeuiiB 126.  3 


I 


174  TESTS    OF    PEKMISSIBLE    EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  op  the  Explosive. 
Charge,  107.8  grams. « 


Date  (1912). 

Weipht 
.  of  water. 

Rise  in 

tempera- 

tiiro. 

Heat  devel- 
oped per 
kilogram. 

Feb  7                 

Kilograms 
81.95 
81.95 
81.95 

T. 
0.991 
.997 
.978 

Calories. 
851.6 

Do        .            

856.8 

Do 

840.2 

a  Including  7.8  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  849.5. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1913). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Jan.  28        . .    .         

Millimeters. 
6:3.50 
63.00 
63.00 

Millimeters. 
50.00 
49.50 
49.50 

Millimeters. 
13.50 

Do 

13.50 

Jan.  29 

13.50 

Average  compression,  13.5  millimeters  (0.53  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Feb.  20 

Cubic  centi- 

meters. 

62 

62 

62 

Cubic  centi- 
meters. 
244 
248 
253 

Cubic  centi- 
meters. 
182 
186 
191 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  186  cubic  centimeters  (11.35  cubic  inches). 

GIANT  COAL-MINE  POWDER  NO.  8. 

Explosive,  Giant  coal-mine  povpder  No.  8. 

Class  2,  hydrated. 

Manufactured  by  the  Giant  Powder  Co.  (Consolidated). 

Physical  examination : 

Diameter  of  cartridge,  1{  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  231  grains. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.29. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  mostly  very  fine  with  a  few  large  white 
crystals,  wet,  soft,  moderately  cohesive. 


RESULTS   OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  September  12,  1911. 

Unit  swing  on  this  date,  3.23  inches. 

Weight  of  charge,  in  grams,  245,      245,     245. 

Swing,  in  inches,  3.19,     3.24,     3.19. 

Average  swing,  in  inches,  3.21. 

3.21  :  3.23  : :  245  :  (247). 
Therefore  the  unit  deflective  charge  of  Giant  coal-mine  powder  No.  8  is  247  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

^lethane 

and 
ethane. 

Result. 

Test  1. 
Oct.  3 

Grams. 
247 
247 
247 
247 
247 
247 
247 
247 
247 
247 

247 
247 
247 

Per  cent. 
7.95 
8.18 
8.12 
8.  .39 
8.00 
8.01 
7.92 
8.09 
8.23 
8.08 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  igiiition. 
Do! 

Test  3— Con. 

Oct.  4 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  20 

Do 

Do 

Do 

Do 

Orams. 
247 
247 
247 
247 
247 
247 
247 

"680 
a  680 
a  680 
0  680 
O680 

Per  cent. 

No  ignition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Oct.  4 

Test  3. 

Oct.  4 

4.13 
4.24 
4.20 
4.26 
3.98 

No  ignition. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator.  No.  7. 


Date  (1911). 


Distance 

Ijetween 

spark  points. 


J'eripheral 

speed  of  drum 

per  second . 


Rat«  of 
detonation 
per  second. 


Sept.  12 

Sept.  19 

Do. 


AfilUmeters. 
13.47 
13.40 
14. 05 


^^elers. 
45.0 
45. 0 
45.0 


yfeters. 

3,341 
3,. 358 
3,203 


Average  rate  of  detonation,  3,301  meters  (10,830  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Feb.  9 

Do 

Do 

Millimeters. 
17.25 
12.00 
11.50 

Inches. 
21.79 
15.16 
14.  .53 

Millimeters. 
7.50 
4.75 
5.50 

Milliseconds. 

0.375 

.238 

.225 

Average  height  of  flame,  17.16  inches. 
Average  duration  of  flame,  0.279  millisecond. 


I 
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Date.  February  4,  1913 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


I 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 



Re.sult. 

Centimeters. 
30 
35 
40 
38 
37 

No  explosion. 

Do. 
Explosion. 

Do. 

Do. 

Centimeters. 
36 
36 
35 
34 

3 
1 

1 
5 

No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  34  centimeters 
(13.39.inches). 

Explosiox-by-Influence  Test. 

Weight  of  each  cartridge,  207  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  29 

Do 

Do 

Inches. 

3 

2 

1 

Did  not  explode. 

Do. 
Exploded. 

Feb.  29 

Do 

Inches. 

2 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximttm  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Pressiire 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Feb.  10 

Grams. 
214.2 
214.2 
214.2 
214.2 
214.2 
214.2 
214.2 
214.2 
214.2 

1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 
1.29 

Millimeters. 
24.  7.^ 
24.  M) 
2;?.  75 
21.75 
22.75 
22.25 
22.75 
22.25 
21.75 

Kilograms. 
77. 34 
76.56 
74.22 
67.97 
71.09 
69.  .W 
71.09 
69. 53 
67.97 

A 
A 
A 
B 
B 
B 
C 

c 
c 

Kilograms. 

Do 

[           76.04 

Feb.  12 

Do.. 

1 

Do 

\           69.  .53 

Do 

1 

Do 

1 

Do 

\           69.53 

Feb.  13 

I 

a  Including  14.2  grams  of  the  original  ^Tapper. 

P=1.911A+0.5B  — 1.4110=81.97  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.29.        W=214.2  gran*. 

VPS 

M=--rFp=7,405  kilograms  per  square  centimeter  (105,330  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  14  Grams  of 

the  Original  Wrapper. 


Date,  November  21,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

31.4 

Liquid  (water) 48.  5 

Gaseous H 9-  0 
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LaROE    r.\T;ORIE.S    DEVKLOPEn    BY    1     KlI.OORAM    OF   THE    ExPI.OSIVE. 

Charge,  107.1  grams." 


Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Feb.  S 

Kilograms. 
81. 9.5 
81.9,-, 
81.95 

0.959 
.985 
.98;{ 

Calories. 

Do 

Do 

S50  1 

a  Including  7.1  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive.  843.7. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1013). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Jan.  29  

Millimeters. 
6;<.50 
63.25 
63.50 

Millimeters. 
51., 50 
50.75 
51.00 

Millimeter'^. 

Do 

12  50 

Do 

12  50 

Average  compression.  \2.?>  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grama. 


\'olume  of  bore  hole. 

Expansion 

Temnera- 

Date  (1912). 

Before 
.shot . 

After 
shot. 

of  bore           ture  of 
hole.             block. 

1 

Feb.  20       

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
260 
266 
257 

Cubic  centi- 
meters. 
198 
204 
195 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  199  cubic  centimeters  (12.14  cubic  inches) 

GUARDIAN  A. 

Explosive,  Guardian  A. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Independent  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  176  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.04. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  sUghtly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPL0SI\T:S. 


Unit  deflective  charge  a.s  determined  hy  l^allistic  pendulum; 

Date,  September  30,  1912. 

Unit  swing  on  this  date,  3.24  inches. 

Weight  of  charge,  in  grams,  290,     290,     290. 

Swing,  in  inches,  3.22,     3.13,     3.15. 

Average  swing,  in  inches,  3.17. 

3.17  :3.24  ::  290  :  (296). 
Therefore  the  unit  deflective  charge  of  Guardian  A  is  296  grams. 

G.\s  .\ND  Dust  Gallery  Xo.  1. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (,1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Oct  1 

Grams. 
296 
296 
296 
296 
296 
296 
296 
296 
296 
296 

296 
296 
296 

Per  cent. 
8.21 
8.34 
8.51 
8.25 
8.23 
8.20 
7.89 
8.50 
8.35 
7.92 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Oct.  3 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Oct.  2 

Oct.  3 

Do 

Do 

Do 

Grams. 
296 
296 
296 
296 
296 
296 
296 

a680 
o6S0 
<j6S0 
a680 
<j680 

Per  cent. 

No  ignition. 

Oct.  2       

Do. 

Do 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Oct.  3 

4.31 
4.11 
4.10 
4.25 
4.12 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a 680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  \\  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Oct.  2 

Millimeters. 
13.95 
14.20 
14.10 

Meters. 
43.5 
43.5 
43.5 

Meters. 

3  119 

Do 

3,063 

Do 

3,085 

Average  rate  of  detonation,  3,089  meters  (10,130  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  20 

Millimeters. 
11.00 
12.25 
11.75 

Inches. 
13.89 
15.47 
14.84 

Millimeters. 
4.25 
5.50 
5.00 

Milliseconds. 
0.212 

Do 

.275 

Do 

.250 

Average  height  of  flame,  14.73  inches. 
Average  duration  of  flame,  0.246  millisecond. 


T^ESULTS 

OF    TESTS. 
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Impact  Test. 

Date,  October  18,  191 

2, 

Distance  of 
fall. 

Number  of 
trials. 

Resiilt. 

1    Distance  of 
'          fall. 

Number  of 
trials. 

Result. 

Centimeters. 

Centimeters. 

15 

No  explosion. 

31 

1 

Explosion. 

25 

Do. 

30 

2 

No  explosion. 

35 

Do. 

30 

Explosion. 

45 

Explosion. 

28 

Do. 

40 

Do. 

26 

Do. 

37 

Do. 

25 

Do. 

36 

Do. 

20 

Do. 

35 

Do. 

18 

No  explosion. 

30 

No  explosion. 

19 

5 

Do. 

33 

Explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  19  centimeters 
(7.48  inches). 

EXPLOSION-BY-IXFLUEXCE   TeST. 

Weight  of  each  cartridge,  167  grams. 


Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1913). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mar.20 

Do 

Inches. 

7 
8 

Exploded. 

Did  not  explode. 

Mar.20 

Do 

Inches. 

8 
8 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  8  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  inillimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge.a 


Specifie      Height  of 
gravity.  I      curve. 


Orams. 

219 

1.04 

219 

1.04 

219 

1.04 

219 

1.04 

219 

1.04 

219 

1.04 

219 

1.04 

219 

1.04 

219 

1.04 

Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Vverage 

pressure 

per  square 

centimeter. 


Oct.  23. 

Do. 

Do. 
Oct.  24. 

Do. 

Do. 
Oct.  25. 

Do. 

Do. 


Millimeters. 
22.50 
21.75 
21.50 
20.50 
20.75 
20.75 
19.00 
19.75 
19.25 


Kilograms. 
70.31 
67.97 
67.19 
64.06 
64.84 
64.84 
59.38 
61.72 
60.16 


Kilograms. 
68.49 

64.58 

60.42 


a  Including  19  grams  of  the  original  wrapper. 

P=1.911A+0.5B— 1.4110  =  77.92  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.04.        W=219  grams. 

VPS 

M=  -f-— =5,550  kilograms  per  square  centimeter  (78,940  pounds  per  square  inch). 
VV 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  19  Grams  of 

THE  Original  Wrapper. 


Date,  October  3,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 
.   82.1 


Liquid  (water) 25.  3 

Gaseous 92.  8 


180                               TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calories  DEVKi-opKn  by  1   Kh.ogram  ok  the 
Charge,  109.5  grams." 

1 
EX1'I,<).'<IVE. 

I>''>te(l^'2..                                                    J^ 

Rise  in 

tennjera- 

ture. 

Heat  dovel- 
oped  per 
kilogram. 

Kilograms. 
Oct.  11   81.95 

°C. 
0.885 
.y04 
.909 

Calorits. 
717. '.1 
7ti-l.l) 
76s.:i  j 

Oct.  14                                1            81.95 

Oct.  16           81.95 

"  Including  9.5  grants  of  the  original  WTapppr. 
Average  large  caloiio.'^  })er  kilogram  of  explosive,  760.1. 

Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Bate  (1912V 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Oct.  23                 --- 

^^^im(tcrs. 
6:125 
6;?.  50 
6:5.25 

Millimeters. 
50.50 
51.25 
50.75 

Jinilivieters. 
12.75 

Do 

12.25 

Oct.  24 

12.  .50 

Average  compression,  12.5  millimeters  (0.49  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Block.s. 
Charge,  10  grams. 


Date  (1912). 

Volume  of  bore  liole. 

Expansion 

of  bore 

hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Oct.  17  .   .   .   .- - 

Cu^ic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
212 
218 
219 

Cubic  centi- 
meters. 
150 
156 
157 

"C. 

15 

T)o 

Do 

15 
15 

Average  expansion  of  bore  hole,  154  cubic  conlimoters  (9. .39  ciil)ic  in(;hes). 

GUARDIAN  NO.  2. 

Explosive,  Guardian  No.  2. 

Cla.s8  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  Independent  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  \\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  168  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand.  1.02. 

Color  of  explosive,  straw. 

Consistency,  powdered,  very  fine,  very  dry,  very  soft,  slightly  cohesive. 


RESULTS   OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  4,  1911. 

Unit  swing  on  this  date,  3.40  inches. 

Weight  of  charge,  in  grams,  250,     250,     250. 

Swing,  in  inches,  3.48,     3.52,     3.41. 

Average  swing,  in  inches,  3.47. 

3.47  :  3.40  : :  250  :  (245). 
Therefore  the  unit  deflective  charge  of  Guardian  No.  2  is  245  grams. 

Gas  and  Ditst  Gallery  No.  1. 


Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

.    Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Re.sult. 

Test  1. 
Dec.  6 

Grams. 
245 
245 
245 
245 
245 
245 
245 
245 
245 
245 

245 
245 
245 

Per  cent. 
8.46 
8.05 
8.24 
8.08 
8.24 
8.35 
8.35 
8.40 
8.34 
8.48 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Dec.  14 

I  Dec.  15 

t          Do 

Do 

Do 

Do 

Do 

Test  4. 

Dec.  11 

Do 

Do 

Do 

Do 

Grams. 
245 
245 
245 
245 
245 
245 
245 

"680 
a  680 
a680 
a680 
«680 

Per  cent. 

No  ignition. 

Dec.  7 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Dec.  14 

3.81 
4.19 
4.20 
4.02 
4.15 

No  ignition.  ' 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

n  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  Ij  inches. 
Electric  detonator.  No.  7. 


Date 

(1911- 

12). 

Distance 

between 

sparli  points. 

Peripheral 

speed  of  drum 

per  second. 

Kate  of 
detonation 
per  second. 

Dec.  30 

ynilimeters. 
16. 10 
16. 6.5 
16.20 

Mfler.i. 
44. 5 
45.0 
44.5 

^rltfr.^<. 

2  7(>4 

.Ian.  3 

2  703 

Do 

2  747 

Average  rate  of  detonation,  2,738  meters  (8,980  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Dale  (1912). 


Height  of 
photograph. 


Height  of 
flame. 


Duration 
distance. 


Duration  of 
flame. 


Apr.  8. 
Do 
Do 


Millimeters. 
13.50 
14.  75 
15.75 


Inches. 
17.05 
18.63 
19.89 


Millimeters. 
9.00 
5.75 
6.00 


Milliseconds. 
0.450 

.288 
.300 


Average  height  of  flame,  18.52  inches. 
Average  duration  of  flame,  0.346  millisecond. 


I 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES 
Impact  Te.«!T. 


I 


uaie,  re 

iruary  ^o,  a 

ii~. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
15 
18 
1/ 
17 
16 
15 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

:    Centimeter.'*. 

:       13 

13 
12 
11 

1 

1 
2 
1 

1 
5 

Explosion. 

Do. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

Themaximtim  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches V 

EXPI,OSION'-nY-IxFLUENCE    TeST. 

Weight  of  each  cartridge,  164  grains. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper  car- 
tridge. 

Apr.2 

Do 

Do 

Do 

Do 

Do 

Inches. 

3 
2 

1 
2 

3 
3 

Did  not  explode. 

Do. 
Exploded. 

Do. 
Did  not  explode. 
Exploded. 

Apr.3 

Do 

Do 

Do 

Do 

Inches. 

4 
5 
6 
6 
6 

Exploded. 

Do. 
Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  mLlliraeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge." 

Specific 
gravity. 

Grams. 

215 

1.02 

215 

1.02 

215 

1.02 

215 

1.02 

215 

1.02 

215 

1.02 

215 

1.02 

215 

1.02 

215 

1.02 

Pr<»«niB  I    -Average 

Height  of  iDersaul^el  ^*^^"'^      pressure 
curve.      t^^nt;-;i^,t,.r  I  surface.  |  per  square 
centimeter. 


Mar.  11. 

Do. 

Do. 
Mar.  20. 
Mar.  27. 

Do. 
Mar.  13, 
Mar.  12, 
Mar.  20 


Millimeters. \  Kilograms. 


30.00 
30.75 
29.75 
28.75 
29.00 
2S.  75 
28.25 
28.  75 
28.50 


93. 

i>6.09 

92.97 

89.84 

90.62 

89.84 

88.28 

89.84 

89.06 


Kilograms. 
\  94.27 


90.10 


o  Including  15  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=99.54  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.02.        \V=215  grams. 

VPS 
M=—— -=7,084  kilograms  per  square  centimeter  (100,760  pounds  per  square  inch). 
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Products  op  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  December  8,  1911. 
SoUd 


Grams. 

33. 1 

Liquid  (water) 63. 0 

Gaseous 106. 3 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  107.5  grams. « 


Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Feb.  21           

Kilogramx. 
81.95 
81.95 
81.95 

1.228 
1.237 
1.221 

Calorics. 
1,060  1 

Do 

1,067  9 

Do              

1  054  0 

a  Including  7.5  grams  of  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  1,060.7. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  28 

Millimeters. 
6.3.50 
63.50 
t)3. 50 

Millimeters. 
49.75 
49.75 
50.00 

Millimeters. 
13.75 

Do..            

13.75 

Do 

13.50 

Average  compression,  13.7  millimeters  (0.54  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Mar.  28 

Cubic  centi- 
meters. 
63 
6;i 
63 

Cubic  centi- 
meters. 
290 
290 
279 

Cubic  centi- 
meters. 
227 
227 
216 

T. 

20 

Do 

20 

Do 

20 

Average  expansion  of  bore  hole,  223  cubic  centimeters  (13.60  cubic  inches) 
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TESTS   OF   I'ERMISSIBLE    EXPLOSIVES. 


GTJABDIAN  NO.  3. 

Explosive,  Guardian  No.  3. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin 
Manufactured  by  the  Independent  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight.  150  grams. 

Cartridge  had  been  redippcd. 

Apparent  specific  gravity  of  cartridge  by  sand.  0.92. 

Color  of  explosive,  straw. 

Consistency,  powdered,  very  fine,  very  dry,  very  soft,  not  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  4,  1911. 

Unit  swing  on  tliis  date,  3.40  inches. 

Weight  of  cliarge,  in  grams,  270,     270,     270. 

Swing,  in  inches,  3.36,     3.32,     3.45. 

Average  swing,  in  inches,  3.38. 

3.38  :  3.40  :  :  270  :  (272). 
Therefore  the  unit  deflective  charge  of  Guardian  No.  3  ia  272  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Dec.  7 

Grams. 
272 
272 
272 
272 
272 
272 
272 
272 
272 
272 

272 
272 
272 

Per  cent. 
8.49 
8.46 
8.30 
8.25 
7.92 
8.01 
8.08 
8.27 
8.23 
8.29 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Dec.  15 

Do 

Do 

Do 

Do 

Do 

Do 

Test  i. 

Dec.  8 

Do 

Do 

Dec.  11 

Dec.  12 

Grams. 
272 
272 
272 
272 
272 
272 
272 

O680 
0  680 
o680 
"680 
0680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Dec.  8 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Dec.  15 

4.41 
4.41 
4.43 
3.92 
4.13 

No  imition. 

Do! 
Do. 

Do 

Do 

Do 

a  eso  grams  or  more  was  usjd. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1:^  inches. 
Electric  detonator,  No.  7. 


Date  (1911-12). 

Distance 

between 

spark  points. 

Teripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Dec.  30 

^^llimeters. 
18.90 
19.35 
18.70 

Jfcters. 
44.0 
44.5 
44.5 

Meters. 

2,328 

Jan.  3 

2,300 
2,380 

Jan.  4 

Average  rate  of  detonation,  2,336  meters  (7,660  feet)  per  second. 


RESULTS 

Flame 
Peripheral  speed  of  film,  20  ineter-s  per  s 
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Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

klar.  S 

Millimeters. 
14.25 
13.  75 
13.00 

Inches. 

IS.OO 

17.37 
16.42 

Millimeters. 
4.50 
4.00 
6.00 

Milliseconds. 
0  225 

Do 

200 

Do 

Average  height  of  flame,  17.26  inches. 
Average  duration  of  flame,  0.242  millisecond. 

Impact  Test, 
Date,  February  23,  1912. 

Distance  of 
fall. 

Number  of                 rocH 
trials.                       ^*^^^*' 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

25 
24 
23 
22 

1             No  explosion. 
1             Explosion. 
1                   Do. 
1                     Do. 
1             No  explosion. 

Centimeters. 
22 
21 
20 
15 
14 

1 
1 

1 
1 
5 

Explosion. 

Do. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimeters 
(5.51  inches). 

Explosion-by-Influence  Test. 

^\'eight  of  each  cartridge,  148  grams. 


Date  (1912). 

cartridges.    '            canriage. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Apr.  15 

Apr.  17 

Do 

Do 

Do 

Inches. 

5 
4 
3 
2 
3 

Did  not  explode. 

Do. 

Do. 
Exploded. 

Do. 

Apr.  23 

Do 

Do 

Do 

Inches. 

4 
4 
5 
5 

Did  not  explode. 
Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Charge." 

SpecifK; 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Mar.  29 

Grams. 
219 
219 
219 
219 
219 
219 
219 
219 
219 

0. 92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 
.92 

Millimeters. 
26.25 
26.00 
26.75 
24.50 
25.50 
25.25 
26.2.5 
26.25 
26.50 

Kilograms. 
82.03 
SI.  25 
83.59 
76.56 
79.69 
78.91 
82.03 
82.03 
82.81 

.V 
A 
A 
B 
B 
B 

Kilograms. 

Do 

\           82.29 

Do    

Mar.  27 

1 

Do 

>            78.39 

Do 

Do 

c      i 

Jtar.  28 

C        1}           82.29 

•       Do 

C         1 

o  Including  19  grams  of  the  original  wrapper. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


P=1.911A4-0.5B  — 1.4110=80.34  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.92.        ^=219  grams. 

VPS 

M=  TIT  =5,063  kilograms  per  square  centimeter  (72,010  pounds  per  square  inch). 

Products  op  Combustion  prom  200  Grams  of  the  Explosive  and  26  Grams  op 

THE  Original  Wrapper. 


Date,  December  11,  1911. 
Solid 


[Analyst,  A.  I..  Ilydc] 


Grains. 

48. 3 

Liquid  (water) 50.  0 

Gaseous 113.  9 

Large  Calories  Developed  by  1  Kilogram  op  the  Explosive. 

Charge,  113.0  grams.a 


Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Feb.  23...                    ; 

Kilograms. 
81.95 
81.95 
81.95 

1.060 
1.086 
1.065 

Calories. 
869.5 

Feb.  26                    

890.9 

Feb.  28      .               

'  873.6 

a  Including  13  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  878.0. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Dale  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  29 

Millimeters. 
63.00 
63.25 
63.25 

Millimeters. 
51.25 
51.00 
51.50 

Millimeters. 
11.75 

Do 

12.2.5 

Do 

11.75 

Average  compression,  11.9  millimeters  (0.47  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 

A'olume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Feb.  23 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
263 
266 
273 

Cubic  centi- 
meters. 
201 
204 
211 

-c. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  205  cubic  centimeters  (12.50  cubic  inches). 


EESULTS    OF    TESTS. 
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GUARDIAN  COAL  POWDER  B. 

Explosive,  Guardian  coal  powder  B. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Independent  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  213  grams. 

Cartridge  had  been  redipped . 

Apparent  specific  gravity  of  cartridge  by  sand,  1.28. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum : 

Date,  May  6,  1912. 

Unit  swing  on  this  date,  3.39  inches. 

Weight  of  charge,  in  grams,  310,     310,     310. 

Swing,  in  inches,  3.40,     3.38,     3.39. 

Average  swing,  in  inches,  3.39. 

3.39  :  3.39  :  :  310  :  (310). 
Therefore  the  unit  deflective  charge  of  Guardian  coal  powder  B  is  310  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date  (1912). 

of 

and 

Kesult. 

Date  (1912). 

of 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  1. 

Test  3— Con. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

May7 

Do 

310 

7.97 

No  ignition. 

May  8 

310 

No  ignition 
Do. 

310 

8  01 

Do. 

310 

Do 

310 

8  32 

Do. 

Do.     ... 

310 

Do. 

Do 

310 

8.22 

Do. 

Do 

310 

Do. 

Do 

310 

7.86 

Do. 

Do 

310 

Do. 

Do 

310 

8.0b 

Do. 

Do 

310 

Do. 

Do 

310 

8.44 

Do. 

Do 

310 

Do. 

Do 

310 

8.18 

Do. 

Do 

310 

8.44 

Do. 

TE.ST  4. 

Do 

310 

8.12 

Do. 

May  7 

a  680 

4.54 

No  ignition. 

Test  3. 

Do 

0  680 

4.30 

Do. 

Do 

a  680 

4.36 

Do. 

Mays 

Do 

310 

No  ignition. 

Mays 

a  680 

4.34 

Do. 

310 

Do. 

Do 

o680 

4.37 

Do. 

Do 

310 

Do. 

1  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

May  7 

Millimeters. 
16.50 
15.90 
16.10 

Meters. 
44.0 
44.5 
44.0 

Meters. 

2,667 

Do 

2,799 

Do            .                

2,733 

Average  rate  of  detonation,  2.733  meters  (8,960  feet)  per  second. 
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188  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Flame  Test. 
Peripheral  speed  of  iilin,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  23       .            

'MilUmeters. 
10.75 
10.  .50 
6.75 

Inches. 
13.58 
13.26 
8.53 

Millimeters. 
4.25 
4.00 
2.50 

Milliseconds. 
0.212 

Do  

.200 

Do 

.125 

Average  height  of  flame,  11.79  inches. 
Average  duration  of  flame,  0.179  millisecond. 


Impact  Test. 


Date,  August  20,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
40 
30 
20 
10 

1 
1 

1 
1 

Explosion. 

Do. 

Do. 
No  explosion. 

Centimeters. 
14 
16 
15 

1 

1 
5 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  15  centimeters 

(5.91  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  206  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.  9 

Do 

Inches. 

2 
1 

Did  not  explode. 
Exploded. 

Sept.  9 

Do 

Inches. 

2 
2 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Aug.  26. 

Do., 

Do.. 
Aug.  24. 

Do.. 

Do. 
Aug.  23. 

Do. 

Do. 


Date  (1912). 


Charge." 


Grams. 
215 
215 
215 
215 
215 
215 
215 
215 
215 


Specific 
gravity. 


1.28 
1.28 
1.28 
1.28 
1.28 
1.28 
1.28 
1.28 
1.28 


Height  of 
curve. 


Millimeters. 
21.50 
21.25 
21.75 
21.25 
20.  75 
20.25 
20. 50 
20. 50 
20.00 


Pressure 
per  square 
centimeler. 


Kilograms. 
67.19 
66. 41 
67.97 
66. 41 
64.84 
63.28 
64. 06 
64.06 
62.50 


Cooling 

surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
>  67. 19 

64. 84 

63.54 


a  Including  15  grams  of  the  original  wrapper. 


RESULTS    OF    TESTS. 
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P=1.911A+0.5B  — 1.411C=71.17  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.28.        W=215  grams. 

VPS 
M=-y^  =6,356  kilograms  per  square  centimeter  (90,400  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams   of  the  Explosive  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  May  14,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 
.   93.1 


Liquid  (water) 31  3 

Gaseous 75.  5 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Aug.  15 

Millimeters. 
63. 25 
63.25 
62.75 

Millimeters. 
52.75 
53.25 
52  75 

Millimeters. 

Do 

Do         .              

Average  compression,  10.2  millimeters  (0.40  incl 
Expansion  of  Bore  Hole  of  Trj 
Charge,  10  grams. 

K.VZL  Lead 

Blocks. 

Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Sept.  27 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 

mclcrs. 

168 

172 

169 

Cubic  centi- 
meters. 
106 
110 
107 

T. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  108  cubic  centimeters  (6.59  cubic  inches). 

HECLA  NO.  2. 

Explosive,  Hecla  No.  2. 

Class  lo,  ammonium  nitrate. 

Manufactured  by  the  E.  I.  dii  Pont  de  Nemours  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  I2  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  252  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gra\'ity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  straw. 

Consistency,  powdered,  ^'ery  line,  dry,  hard,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES, 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  7,  1910. 

Unit  s\Aing  on  tliis  date,  2.99  inches. 

Weight  of  charge,  in  grams,  240,     240,     240. 

Swing,  in  inches,  2.81,     2.82,     2.89. 

Average  s\ving.  in  inches,  2.84. 

2.84  :  2.99,::  240:  (253). 
Therefore  the  unit  deflective  charge  of  Hecla  No.  2  is  253  grams. 

(lAs  AND  Du.sT  Gallery  No.  1. 


J)ate  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Re.sult. 

Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Ke.sul1 . 

•      Test  1. 
Feb.  11 

Grams. 
253 
253 
253 
253 
253 
253 
253 
253 
253 
253 

253 
253 
253 

Per  cent. 
8.33 

8.16 
8.26 
8.07 
8.07 
8.16 
8.07 
8.07 
8.16 
8.07 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Cod. 

Feb.  16 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  18 

Do 

Do 

Do 

Apr.  16 

Grams. 
253 
253 
253 
253 
2,53 
253 
253 

0  680 
0  680 
O680 
O680 
a  680 

Per  cent. 

No  ignition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

3.97 
3.97 
3.92 
3.87 
4.04 

Feb.  12.... 

Test  3. 
Feb.  16 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Mar.  4 . .                           

MiUimeters. 
10.34 
9.96 
9.96 

Meters. 
43.0 
43.0 
43.0 

Meters. 
4,159 

Mar.  7 

4,317 

Do 

4,317 

Average  rate  of  detonation,  4,264  meters  (13,990  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of      Height  of      Duration 
photograph.       flame.         distance. 

Duration  of 
flame. 

Jan.28 

Millimeters. 
6.75 
3.00 
7.00 

Inches. 
8.53 
3.79 
8.84 

Millimeters. 
1.75 
1.00 
1.75 

Milliseconds. 
0.088 

Do 

.050 

Feb.  21 

.088 

Average  height  of  flame,  7.05  inches. 
Average  duration  of  flame,  0.075  millisecond. 


Date,  December  5,  1912. 


RESULTS   OP   TESTS. 
Impact  Test. 
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Distance  of 
fall. 


Centimeters. 
8 
16 
32 
64 
48 
44 


Number  of 
trials. 


Result. 


No  explosion. 

Do. 

Do. 
Explosion. 

Do. 

Do. 


Distance  of 
fall. 


Centimeters. 
42 
43 
43 
42 
41 
40 


Number  of 
trials. 


Result. 


No  explosion. 

Do. 
E.xplosion. 

Do. 

Do. 
No  explosion. 


The  maximum  height  at  which  no  explosion  occurs  established  at  40  centimeters 


(15.75  inches). 

EXPLO.SION-BY-I 

"Weight  of  each  cartridge,  166  grams. 

NFLUENCE   TeST. 

'  Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  13 

Do 

Do 

Inches. 

4 
2 

1 

Did  not  explode. 

Do. 
Exploded. 

Dec.  13 

Do 

Inches. 

2 
2 

Did  not  explode. 
Do. 

The  mini 

mum  distan 

ce  at  which  no  exp 

osion  occurs 

established 

at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.24  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912-13). 

Charge.  1 

Specific 
gravity. 

Height  of 
curve. 

Pressiu-e 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Jan.  22                  

Grams. 
217 
217 
217 
217 
217 
217 
217 
217 
217 

1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 
1.03 

Millimeters. 
22.00 
21.25 
21.00 
20.00 
20.25 
19.75 
19.00 
19.75 
19.25 

Kilograms. 
91.67 
88.54 
87.50 
83.33 
84.38 
82.29 
79.17 
82.29 
80.21 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do          

\           89. 24 

Do          

Dec.  6    

] 

Feb.  13 

\           83. 33 

Do               

1 

Jan.  22  .          

j 

Do      

\           80. 66 

Do 

J 

a  Including  17  grams  of  the  original  wrapper. 

P  =1.911A-|-0.5B-1.41lC=98.53  kilograms  per  square  centimeter. 

V  =15,000  cubic  centimeters.        S=1.03.       W=217  grams. 

VPS 
M  =-Tn^=7,015  kilograms  per  square  centimeter  (99,780  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  op  the  Explosive  and  17  Grams  of 

THE  Original  Wrapper. 

(Analyst,  A.  L.  Hyde.] 


Date,  July  14,  1910. 
SoUd 


Grams. 

24. 5 

Liquid  (water) 64.  5 

Gaseous 124.  4 


192  TESTS    OF    PERMISSIBLE    EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  108.5  grams. a 


Date  (1913). 

Weight 
of  water. 

Rise  in 

tempera- 

tiu-e. 

Heat  devel- 
oped per 
kilogram. 

Jan.  23 

Kilograms. 
81.95 
81.95 

"C. 
1.060 
1.094 
1.093 

Calories. 
9ft5.5 

Do 

934.8 

Jan.  24 

81.95 

934.0 

o  Including  8.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  924.8. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1913). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Jan.  25 

Millimeters. 
64.00 
63.75 
64.00 

Millimeters. 
48.00 
47.25 
47.50 

Millimeters. 
16.00 

Do.           .                                                  .   . 

16.50 

Do 

16.50 

Average  compression,  16.3  millimeters  (0.64  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Blocks. 
Charge,  10  grains. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Nov.  15 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
310 
305 
316 

Cubic  centi- 
meters. 
247 
242 
253 

"C. 

15 

Do 

15 

Nov.  16 

15 

Average  expansion  of  bore  hole,  247  cubic  centimeters  (15.07  cubic  inches). 

KANITE  A. 
Explosive,  Kanite  A. 
Class  lb,  ammonium  nitrate. 

Manufactured  by  the  W.  H.  Blumenstein  Chemical  Works. 
Physical  examination: 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  289  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.91. 

Color  of  explosive,  corn. 

Consistency,  powdered,  very  fine,  dry,  soft,  slightly  cohesive. 


RESULTS   OF    TESTS, 

Unit  deflective  charge  as  determined  by  the  ballistic  pendukim: 

Date,  April  5,  1910. 

Unit  swing  on  this  date,  3.44  inches. 

Weight  of  charge,  in  grams,  260,     260,     260. 

Swing,  in  inches,  3.54,     3.49,     3.50. 

Average  swing,  in  inches,  3.51. 

3.51  :  3.44  :  :  260  :  (255). 
Therefore  the  unit  deflective  charge  of  Kanite  A  is  255  grama. 

Gas  and  Dust  Gallery  No.  1. 
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Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Kesult. 

Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Apr.  6 

Grams. 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 

255 
255 
255 

Per  cent. 
7.99 
7.80 
7.90 
7.90 
7.90 
7.90 
7.80 
7.90 
7.80 
7.80 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Apr.  8 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Apr.  7 

Do 

Do....... 

Do 

Do 

Grams. 
255 
255 
255 
255 
255 
255 
255 

«680 
1680 
O680 
1680 
O680 

Per  cent. 

No  ignition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Apr.  7 

Test  3. 

Apr.  8 

Do 

3.85 
3.80 
3.80 
3.81 
3.85 

No  ignition. 

Do! 

Do 

Do 

Do 

a  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge.  If  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Apr.  6 

Millimeters. 
13.06 
13.40 
12.99 

Meters. 
43.0 
43.0 
43.0 

Meters. 

3,292 

Do 

3,209 

Do 

3,310 

Average  rate  of  detonation,  3,270  meters  (10,730  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Oct.  17 

Millimeters. 
13.50 
14.00 
16.25 

Inches. 
17.05 
17.68 
20. 52 

Millimeters. 
6.00 
5.50 
7.75 

Milliseconds. 
0.300 

Do 

.275 

Do 

.388 

Average  height  of  flame,  18.42  inches. 
Average  duration  of  flame,  0.321  millisecond. 
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Date,  October  18,  1912 


TESTS   OP   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

Centimeters. 

80 

Explosion. 

51 

No  explosion. 

60 

Do. 

51 

Explosion. 

40 

No  explosion. 

50 

1 

Do. 

SO 

Do. 

46 

No  explosion. 

56 

Explosion. 

48 

Explosion. 

54 

Do. 

47 

No  explosion. 

52 

No  explosion. 

47 

Explosion. 

53 

Explosion. 

46 

No  explosion. 

52 

Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  46  centimeters 
(18.11  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  143  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Oct.  31 

Do 

Do 

Inches. 

2 
1 
1 

Did  not  explode. 
Do. 
Do. 

Oct.  31 

Nov.  4 

Inches. 

1 
0 

Did  not  explode. 
Exploded. 

The  minimum  distance  at  which  no  explosion  occurs  is  established  at  1  inch. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.24  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 


Charge. o 


Specific 
gravity. 


Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 

surface. 


Average 

pressure 

per  square 

centimeter. 


Apr.  16. 

Do. 

Do. 
Apr.  15. 

Do. 
Apr.  16. 

Do. 
,       Do. 

Do. 


Grams. 
213 
213 
213 
213 
213 
213 
213 
213 
213 


0.82 
.82 
.82 
.82 
.82 
.82 
.82 


Millimeters. 
27.50 
27.75 
27.75 
26.50 
27.00 
27.50 
24.75 
25.75 
25.50 


Kilograms. 
114.58 
115.63 
115.63 
110.42 
112.50 
114.58 
103.13 
107. 29 
106. 25 


Kilograms. 
115.28 

112.50 

105.56 


a  Including  13  grams  of  the  original  wrapper. 

P=1.911A+0.5B -1.4110=127.60  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.         S=0.82.         W=213  grams. 

VPS 
M=-^rFT-=7,368  kilograms  per  square  centimeter  (104,800  pounds  ])er  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  17  Grams  of 

the  Original  Wrapper. 


Date,  September  8,  1910. 
Solid 


[.Analyst,  A.  L.  Hyde.] 


Grams 

12.5 

Liquid  (water) 86.0 

Gaseous 110.  6 


RES-ULTS   OP   TESTS.  195 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106.5  grama^ 


Date  (1913). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


.^pr.  17. 
Do. 
Do. 


Kilograms. 
81.95 
81.95 
81.95 


'C. 
1.138 
1.132 
1.155 


Calorie.'!. 
988.4 
983.1 
1,003.3 


a  Including  6.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  991.6. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Oct.  23 

Millimeters. 
63.25 
63.25 
62.50 

Millimeters. 
49.00 
49.50 
48.75 

Millimeters. 
14  ''5 

Do..                  .   .       

13  75 

Do 

13  75 

Average  compression,  13.9  millimeters  (0.55  inch). 

Expansion  op  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1910). 

Volume  of  bore  hole. 

Expansion 

Tempera- 

Before 
shot. 

After 
shot. 

of  bore 
hole. 

ture  of 
block. 

Nov.  11  

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
276 
270 
260 

Cubic  centi- 

vieters. 

213 

207 

197 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  206  cubic  centimeters  (12.57  cubic  inches). 

LOMITE  NO.   1. 

Explosive,  Lomite  No.  1. 

Class  2,  hydrated. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination: 

Diameter  of  cartridge,  1 J  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  202  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.23. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS    OF    PERMISSIBLE    EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  October  28,  1912. 

Unit  swing  on  this  date,  3.43  inches. 

Weight  of  charge,  in  grams,  295,     295,     295. 

Swing,  in  inches,  3.40,     3.37,     3.33. 

Average  swing,  in  inches,  3.37. 

3.37  :  3.43  :  :  295  :  (300). 
Therefore  the  unit  deflective  charge  of  Lomite  No.  1  is  300  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (.1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Oct.  31 

Orams. 
300 
300 
300 
300 
300 
300 
300 
300 
300 
300 

300 
300 
300 

Per  cent. 
8.18 
7.91 
7.86 
8.40 
8.53 
7.96 
8.23 
8.45 
8.28 
8.53 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Nov.  5 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Nov.  4 

Do 

Do 

Do 

Do 

Grams. 
300 
300 
300 
300 
300 
300 
300 

a  680 
<i6S0 
O680 
a  680 
0  680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Nov.  5 

4.18 
4.11 
4.12 
4.18 
4.11 

No  ignition. 
Do.' 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 

Rate  op  Detonation. 


Diameter  of  cartridge,  1 J  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Oct.  31 

Millimeters. 
9.90 
9.75 
10.00 

Meters. 
42.0 
42.0 
42.0 

Meters. 

4,242 

Nov  1                     

4,308 

Nov. 2 

4,200 

1 

Average  rate  of  detonation,  4,250  meters  (13,940  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Feb. 20 

Millimeters. 
10.25 
8.75 
9.00 

Inches. 
12.95 
11.05 
11.37 

Millimeters. 
6.75 
5.25 
6.75 

Milliseconds. 
0.338 

Do 

.262 

Do 

.338 

Average  height  of  flame,  11.79  inches. 
Average  duration  of  flame,  0.313  millisecond. 


RESULTS   OF    TESTS. 
Impact  Test. 
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Date,  November  8,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

.  Centimeters. 
10 
20 
16 

1 
1 
1 

No  explosion. 
Explosion. 
Do. 

Centimeters. 
14 
15 

1 
5 

No  explosion. 
Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  15  centimeters 
(5.91  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  198  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Nov.  11 

Do 

Do 

Inches. 

10 
6 

8 

Did  not  explode. 
Exploded. 
Do. 

Nov.  11 

Do 

Do 

Inches. 

9 
9 
9 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  9  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.24  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912). 

Charge. a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Dec.  2 

Grams. 
212 
212 
212 
212 
212 
212 
212 
212 
212 

1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 
1.23 

Millimeters. 
15.75 
15.50 
15.75 
11.25 
14.50 
14.50 
14.75 
14.75 
14.75 

Kilograms. 
65.63 
64.58 
65.63 
59.38 
60.42 
60.42 
61.46 
61.46 
61.46 

A 

A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

\           65. 28 

Do 

Do 

Do 

\           60. 07 

Do 

Do 

Do 

61.46 

Do 

a  Including  12  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=68.07  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.23.        W=212  grams. 

VPS 

M=— — -  =5,924  kilograms  per  square  centimeter  (84,260  pounds  per  square  inch). 
W 

Products  of  Combustion  From  200  Grams  of  the  Explosive  and  12  Grams  of 

the  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 

Date,  November  6,  1912.  Urams. 

Solid C9.  1 

Liquid  (water) 18.  7 

Gaseous 114.  6 


198  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106.  0  grams." 


Date  (1913). 

AVeight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
Icilogram. 

Jan  22               

Kilograms. 
81.95 
81.95 
81.95 

0.820 

.784 
.781 

Calorics. 
715.2 

Do                         

683.  4 

Do         

680.8 

a  Including  0  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  693.1. 

Compression-  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1913). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Feb.  25 -- 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
47.00 
47.25 
47.50 

Millimeters. 
16.50 

Do 

16.25 

Do 

16.00 

Average  compression,  16.2  millimeters  (0.64  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Nov.  14 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
228 
221 
225 

Cubic  centi- 
meters. 
166 
159 
163 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  163  cubic  centimeters  (9.94  cubic  inches). 

MINE-ITE  A. 

Explosive,  Mine-ite  A. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  203  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.14. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


RESULTS    OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  peuduhim: 

Date,  August  6,  1909. 

Unit  swing  on  this  date,  2.79  inches. 

Weight  of  charge,  315,     315,     315. 

Swing,  in  inches,  2.95,     2.98,     2.97. 

Average  swing,  in  inches,  2.97. 

2.97  :2.79:  :  315:  (296). 
Therefore  the  unit  deflective  charge  of  Mine-ite  A  is  296  grams. 

Ga.s  and  Dust  Gallery  No.   I. 


Date  (1909). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
Aug.  7 

Grams. 
296 
296 
296 
296 
296 
296 
296 
296 
296 
296 

296 
296 
296 

Per  cent. 
8.30 

8.30 
S.47 
8.30 
8.47 
8.47 
8.23 
8.39 
8.23 
8.17 

No  ignition. 

Do! 

Do. 

Do.      • 

Do. 

Do. 

Do. 

Do. 

Do. 

No  ignition. 
Do'. 

Test  3— Con. 

Aug.  9 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.fi 

Do 

Do 

Do 

Do 

Grams. 
296 
296 
296 
296 
296 
296 
296 

a  680 
O6S0 
1680 
0  680 
0  680 

Per  cent. 

No  ignition. 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Do 

Aug.  9 

Do 

Do 

Do 

Aug.  10 

Test  3. 
.Vug  9   . 

4.23 
4,40 
4.40 
4.40 
4.02 

No  Ignition. 

Do. 
Do 

Do 

Do 

Do 

o  680  grams  or  more  was  used. 

Rate  of  Detonation. 

Diameter  of  cartridge,  1^  inches. 
Electric  detonator.  No.  7. 


Date  (1910). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

June  3 

Millimeters. 
12.57 
12.36 
12.54 

Meters. 
43.0 
43.0 
43.0 

Meters. 

3,421 

Do 

3,479 

Do 

3,429 

Average  rate  of  detonation,  3,443  meters  (11,290  feet)  per  second. 

PYame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  24 

Millimeters. 
14.50 
13.25 
16.00 

Inches. 
18.32 
16.74 
20.21 

Millimeters. 
6.25 
6.25 
7.50 

Milliseconds. 
0.312 

Do 

.312 

Do...   . 

.375 

Average  height  of  flame,  18.42  inches. 
Average  duration  of  flame,  0.333  millisecond. 
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Date,  May  3,  1910. 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

CeTitimeters. 
20 
12 
16 
13 
14 
13 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
Do. 

Centimeters. 
12 
10 

9 

9 

8 

1 
1 
2 
1 
5 

Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  8  centimeters 
(3.15  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  182  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  5 

Do 

Do 

Do 

Do 

Do 

Dec. 6 

Do 

Do 

Do 

Inches. 

10 
13 
12 
14 
13 
13 
14 
15 
15 
15 

Exploded. 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Do. 
Exploded. 

Do. 
Did  not  explode. 

Do. 
Exploded. 

Dec.  6 

Do 

Do 

Do 

Do 

Do 

Dec.  7 

Do 

Do 

Inches. 

16 
16 
17 
18 
19 
19 
20 
20 
20 

Did  not  explode. 
Exploded. 

Do. 

Do. 
Did  not  explode. 
Exploded. 
Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  20  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

Charge.o 

Specific 
gravity. 

Heieht  of       Pressure 
^ve        per  square 
"*^^*'-       centmieter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Jan.  23 

Grams. 
6  213 
213 
213 
213 
213 
213 
213 
213 
213 

L13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 
1.13 

Millimeters. 
14.75 
20.00 
20. 25 
19.75 
20.00 
20.25 
19.75 
19.75 
19.25 

Kilograms. 
61.46 
62.50 
63.28 
61.72 
62.50 
63.28 
61.72 
61.72 
60.16 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

\                 62;4I 

Do 

Do 

I 

Do 

>           62  50 

Do 

Do 

] 

Do 

>           61. 20 

Jan.  24 

a  Including  13  grams  of  the  original  wrapper. 

6  Indicator  spring,  0.24  miUimeter=  1  kilogram  per  square  centimeter. 

P=1.911A+0.5B-1.411C=64.16  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.13.        W=213  grams. 

VPS 
M=^^=5,106  kilograms  per  square  centimeter  (72,620  pounds  per  square  inch). 


RESULTS    OF    TESTS. 
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'roducts  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  of 
THE  Original  Wrapper. 


Date,  February  27,  1913. 
5olid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

66.  1 

Liquid  (water) 20.  0 

jaseous 107.  9 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Char2;e,  106.5  grams.  " 


Date  (1913). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped  per 
kilogram. 


Jan. 4. . 
Jan.  0. . 
Do. 


Kilograms. 
81.95 
81.95 
81.95 


"C. 
0.822 
.792 
.811 


CaloTie.s. 
713.6 
687.2 
703.9 


a  Including  6.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  701.6. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  17        

Millimeter.'!. 
63.  .50 
63.  .50 
03.50 

Millimeters. 
50.00 
50.00 
50.00 

MillimclfTS. 
13.50 

Do 

13.50 

Do 

13.50 

Average  compression,  13.5  millimeters  (0.53  inch"). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansiou 

of  bore 

hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Mar.  19 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
2.54 
253 

262 

Cubic  centi- 
meters. 
192 
191 
200 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  194  cubic  centuneters  (11.83  cubic  inches). 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


MINE-ITE  A-2. 
Explosive,  Mine-ile  A-2. 
Class  4,  nitroglycerin. 
Manufactnred  by  the  Burton  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  151  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  l)y  sand,  0.93. 

Color  of  explosive,  corn. 

Consistency,  granular  and  libnms,  fine,  dry,  Sdfl,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  ])cndulum: 

Date,  March  11,  1912. 

Unit  swing  on  this  date,  3.50  inches. 

Weight  of  charge,  in  grams,  310,     310,     310. 

Swing,  in  inches,  3.32,     3.46,     3.42. 

Average  swing,  in  inches,  3.40. 

3.40: 3.50::  310:  (319). 
Therefore  the  unit  deflective  charge  of  Mine-ite  A-2  is  319  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Mar.  12 

Grams. 
319 
319 
319 
319 
319 
319 
319 
319 
319 
319 

319 
319 
319 

Per  cent. 
7.99 
8.23 
8.09 
7.76 
7.S7 
7.9S 
7.91 
7.90 
7.88 
7.85 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Da 

Test  3— Con. 

Mar.  15 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.  14 

Do 

Do 

Do 

Do 

Grarrnt. 
319 
319 
319 
319 
319 
319 
319 

0  680 
a  680 
a  680 
O6S0 
0680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Mar.  13 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Mar.  14 

4.05 
4.03 
4.21 
4.14 
4.08 

No  ignition. 

Da 
Do. 

Do 

Do. 

Mar.  15 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

DLstanee 

botween 

sparlv  points. 

Peripheral 

speed  of  drum 

per  second. 

Hate  of 
detonation 
per  second. 

Mar.  11 

Millimeters. 
13.85 
13.70 
13.65 

Meteri. 
45.0 
44.5 
44.5 

Meters. 
3, 24{ 

3,24* 

Do 

3,2CC 

Average  rate  of  detonation,  3,252  meters  (10,670  feet)  per  second. 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 


Height  of 
photograph. 


Height  of 
flame. 


Duration 
distance. 


Duration  of 
flame. 


May  14 
Do 
Do 


Millimeters . 
11.75 
9.25 
12.00 


Inches. 
14.84 
11.68 
15.16 


Millimeters . 
4.00 
3.00 
4.00 


Milliseconds. 

0.200 

.1,50 

.2(X) 


Average  height  of  flame,  13.89  inches. 
Average  duration  of  flame,  0.183  millisecond. 


Date,  April  20,  1912. 


Impact  Test. 


Distance  of 
faU. 


Number  of 
trials. 


Centimeters. 
20 
18 
19 
19 


Result. 


Explosion. 
No  explosion. 

Do. 
Explosion. 


Distance  of 
fall. 


Centimeters. 
18 
17 
16 


Number  of 
trials. 


Result. 


Explosion. 

Do. 
No  explosion. 


The  maximum  height  at  which  no  explosion  occurs  established  at  16  centimeters 
(6.30  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  150  grams. 


Date  (1912). 


May  3. 
Do 
Do 
Do 


Distance 
separating 
cartridges. 


Inches. 


Result,  upper 
cartridge. 


Exploded. 
Do. 
Do. 
Do. 


Date  (1912). 


May  3. 
Do 
Do 
Do 


Distance 
separating 
cartridges. 


Inches. 


Result,  upper 
cartridge. 


Did  not  explode. 
Do. 
Do. 
Do. 


The  minimum  distance  at  which  no  explosion  occurs  established  at  9  inches. 

ITheoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


1                   Date  (1912). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  sijuare 
centimeter. 

fooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Mav9 

Grams. 
216 
216 
216 
216 
216 
216 
216 
216 
216 

0.93 
,93 
,93 
,93 
.93 
.93 
.93 
.93 
.93 

Millimeters. 
20.00 
19.25 
20.00 
20.25 
19.  .50 
19,50 
19.00 
18.  25 
19.00 

Kilograms. 
62.50 
60.  16 
62.50 
63.28 
60.94 
60.94 
59.  38 
57.03 
59.38 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

\           61. 72 

Do 

1 

May  8 

j 

"Do 

\           61.72 

Do 

j 

Do 

1 

Mav9 

\           58.60 

Do 

1 

I 


«■  Including  16  grams  of  the  original  wrapper. 
91853°— Bull.  66—13 14 
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TESTS    OF    PERMISSIBLE    EXPLOSIVES. 


P=1.9llA+0.5B  — 1.4110=66.12  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.93.        W=216  grams. 

VPS 

M=-!=^=4,270  kilograms  per  square  centimeter  (60,730  pounds  per  square  inch). 
W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  16  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  March  8,  1912. 
Solid 


Grams. 

58. 5 

Liquid  (water) 15.  5 

Gaseous 129.  4 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  107.5  grams." 


Date  (1913). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


y  12. 
Do. 
Do. 


Kilograms. 
81.95 
81.95 
81.95 


'C. 
0.790 
.792 
.826 


Calories. 
679.2 
680.8 
710.4 


"  Including  7.5  grams  of  the  original  ■wrapper. 

Average  large  calories  per  kilogram  of  explosive,  690.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Apr.  18 

Millimeters. 
63.25 
63.25 
63.25 

Mllimeters. 
50.50 
50.75 
50.50 

Millimeters. 
12.75 

Do 

12  50 

Do 

12  75 

Average  compression,  12.7  millimeters  (0.50  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  30 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
211 
218 
212 

Cubic  centi- 
meters. 
149 
156 
150 

16 

,      Do 

16 

Do 

16 

Average  expansion  of  bore  hole,  152  cubic  centimeters  (9.27  cubic  inches). 


RESULTS   OF    TESTS. 
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MINE-ITE  B. 

Explosive,  Mine-ite  B. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  1\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  183  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  4,  1909. 

Unit  swing  on  this  date,  2.95  inches. 

Weight  of  charge,  in  grams,  340,     340,     340. 

Swing,  in  inches,  2.95,     2.92,     2.97. 

Average  swing,  in  inches,  2.95. 

2.95  :2.95  :  :  340  :(340). 
Therefore  the  unit  deflective  charge  of  Mine-ite  B  is  340  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
Aug.  4 

Orams. 
340 
340 
340 
340 
340 
340 
340 
340 
340 
340 

340 
340 

340 

Percent. 

7.88 
8.63 
8.13 
8.13 
8.37 
8.37 
8.30 
8.47 
8.50 
8.47 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  2 

Do 

Do 

Do 

Do 

Grans. 
340 
340 
340 
340 
340 
340 
340 

o680 
0  680 
O680 
O680 
O680 

Per  cent. 

No  imition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Aug.  5 

Do. 

Do 

Do 

Do 

Test  3. 

Aug.5 

Do 

4.14 
3.98 
3.81 
3.90 
3.81 

No  ignition. 

Do! 
Do. 

Do. 

Do 

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1|  inches. 
Electric  detonator.  No.  7. 


Date  (1909-10). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Ai'g.  25... 

Millimeters. 
14.75 
15.00 
14.63 

Meters. 
43.0 
43.0 
43.0 

Meters. 
2,915 

June  3 

2,867 

Do 

2,941 

Average  rate  of  detonation.  2,908  meters  (9,540  feet)  per  second. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Durat'ion 
distance. 

Duration  of 
flame. 

Mar  24                        

Millimeters . 
13.00 
12.25 
9.50 

Inches. 
16.42 
15.47 
12.00 

Millimeters. 
5.50 
6.25 
5.00 

Milliseconds. 
0.275 

Do 

.312 

Do.             

.250 

Average  height  of  flame,  14.63  inches. 
Average  duration  of  flame,  0.279  millisecond. 

Impact  Test. 
Date,  May  5,  1910. 


Distance  of 

fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

16 

10 
6 

8 

1 
1 
1 

1 

Explosion. 

Do. 
No  explosion. 

Do. 

Centimeters. 
9 

8 
S 
7 

1 

2 

1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  7  centimeters 

(2.76  inches). 

Explosion-by-1kfluence  Test. 

WeigKt  of  each  cartridge,  159  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  12 

Do 

Do 

Inches. 

6 
4 
5 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Dec.  12 

Do 

Do 

Inches. 

5 
6 
6 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 
Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 
pressure 
per  square 
centimeter. 

Jan.  25 

Grams. 
214 
214 
214 
214 
214 
214 
214 
214 
214 

0.99 
.99 
.99 
.99 
.99 
.99 
.99 
.99 
.99 

Millimeters. 
18.75 
18.75 
18.50 
17.25 
17.50 
17.25 
17.25 
17.25 
17.00 

Kilograms. 
58.59 
58.59 
57.81 
53.91 
54.69 
53.91 
53.91 
53.91 
53.12 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

i           58.33 

Do 

Jan.  24 

1 

Jan.  25 

\            54.17 

Do 

1 

Jan.  24 

1 

Do 

\           53.65 

Do 

1 

n  Including  14  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=62.85  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.99.        W=214  grams. 

M=-™r- =4,361  kilograms  per  square  centimeter  (62,030  pounds  per  square  inch). 
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Products  of  Combustion  from  200  Grams  of  the  Explosive  and  14  Grams  of 

THE  Original  Wrapper. 


Date,  December  11,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grains. 

77.7 

Liquid  (water) 15.  ,5 

Gaseous 103.  3 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  107.0  grams. « 


Date  (1913). 

"Weight 
of  water. 

Rise  in 

tempera- 

ttire. 

Heat  devel- 
oped per 
kilogram. 

Jan. 17 

Kilograms. 
81.95 
81.95 
81.95 

0. 77.3 
.806 
.789 

Calories. 
667  5 

Do 

696  3 

Do 

681.4 

a  Including  7  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  681.7. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Dale  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  12 

Millimeters. 
63.75 
63.75 
63.75 

Millimeters. 
53.25 
53.25 
53.25 

Millimeters. 
10.50 

Do 

10.  50 

Do 

10.50 

Average  compression,  10.5  millimeters  (0.41  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


I                                       Date  (1910). 

Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Mar.  19 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
220 
222 
221 

Cubic  centi- 
meters. 
158 
160 
159 

°C. 

15 

Do      

15 

Do 

15 

Average  expansion  of  bore  hole,  159  cubic  centimeters  (9.70  cubic  inches). 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


MINE-ITE  B-2. 

Explosive,  Mine-ite  B-2. 

Class  4,  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  127  grams.  . 

Cartridge  had  not  been  redipped . 

Apparent  specific  gravity  of  cartridge  by  sand,  0.77. 

Color  of  explosive,  corn. 

•Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  ballistic  pendulum: 

Date,  March  11,  1912. 

Unit  swing  on  this  date,  3.50  inches. 

Weight  of  charge,  in  grams,  325,     325,     325. 

Swing,  in  inches,  3.38,     3.42,     3.43. 

Average  swing,  in  inches,  3.41. 

3.41:3.50:  :  325  :(334). 
Therefore  the  unit  deflective  charge  of  ^line-ite  B-2  is  334  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
Mar.  12.  .  .   . 

Grams. 
334 
334 
334 
334 
334 
334 
334 
334 
334 
334 

334 
334 
334 

Per  cent. 
8.04 
7.96 
8.16 
8.09 
7.94 
7.83 
7.91 
8.06 
8.24 
8.08 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

TE.ST  3— Con. 

Mar.  14 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.  13 

Do 

Do 

Do 

Mar.  14 

Grams. 
334 
334 
334 
334 
334 
334 
334 

a  680 
0  680 
O680 
1680 
O680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Mar.  14 

3.97 
3.95 
4.18 
4.12 
3.79 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 

Distance 

between 

sparl£  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Mar.  11 

Millimeters. 
20.00 
20.00 
19.30 

Meters. 
44.5 
45.0 
44.5 

Meiers. 

2,225 
2,250 

Mar.  16 

Do 

2,306 

Average  rate  of  detonation,  2,260  meters  (7,410  feet)  per  second. 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

May  13 

Millimeters. 
8.00 
9.00 

8.75 

Inches. 
10.11 
11.37 
11.05 

Millimeters. 
3.00 
3.50 
3.50 

Milliseconds. 

0.150 

.175 

.175 

Do 

Do 

Average  height  of  flame,  10.84  inches. 
Average  duration  of  flame,  0.167  millisecond. 


Date,  April  19,  1912. 


Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
40 
35 
30 
25 
28 
26 

Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 

Do. 

Centimeters. 
25 
23 
21 
19 
20 

1 
1 

1 
1 
5 

Explosion. 

Do. 

Do. 
No  explosion. 

Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  20  centimeters 
(7.87  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  124  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May  2 

Do 

Do 

Do 

Inches. 

3 
1 
0 

1 

Did  not  explode. 

Do. 
Exploded. 

Do. 

May  2 

May  3 

Do 

Inches. 

2 
2 
2 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  2  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter  =1  kilogram  per  square  centimeter. 


Date  (1912). 


Charge.o 

Specific 
gravity. 

Grams. 

217 

0.77 

217 

.77 

217 

.77 

217 

.77 

217 

.77 

217 

.77 

217 

.77 

217 

.77 

217 

.77 

Height  of 
curve. 


May  9.. 

Do. 

Do. 
May".. 
May  8.. 

Do. 
May  7.. 

Do. 

Do. 


Millimeters. 
17.25 
16.50 
17.25 
17.00 
16.50 
17.00 
16.00 
16.75 
16.75 


Kilograms. 
53.91 
51.56 
53.91 
53. 12 
51.56 
53.12 
50.00 
52. 34 
52. 34 


52.60 


a  Including  17  grams  of  the  original  wrapper. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


P=1.911A+0.5B  — 1.4110=55.08  kilograms  per  square  centimeter. 

"V =15,000  cubic  centimeters.         S=0.77.         W=217  grams. 

VPS 
M=-^Y-    =  2,932  kilograms  per  square  centimeter  (41,700  pounds  per  .square  inch). 

Prodi'Cts  op  Combustion  from  200  Grams  of  the  Explosivk  and  17  Grams  of 

THE  Original  Wr.\pper. 


[Analyst,  A.  L.  Hyde.] 


Date,  March  7,  1912. 


Grams. 

Solid 67.4 

Liquid  (water) 12.  6 

Gaseous 126.  2 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Apr  18                  

Millimeters. 
63.25 
63.25 
63.25 

Millimeters. 
55.75 
55.75 
55.75 

Millimeters. 
7.50 

Do 

7.50 

Do 

7.50 

Average  compression,  7.5  millimeters  (0.30  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 

Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  29 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
218 
220 
214 

Cubic  centi- 
meters. 
156 

158 
152 

16 

Apr.  30                      

16 

Do.             

16 

Average  expansion  of  bore  hole,  155  cubic  centimeters  (9.46  cubic  inches). 

MINE-ITE  NO.  5-D. 

Explosive,  Mine-ite  No.  5-D. 

Class,  la,  ammonium  nitrate,  containing  nitroglycerin. 

Manufactured  by  the  Burton  Powder  Co. 

Physical  examination : 

Diameter  of  cartridge,  l\  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  150  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.90. 

Color  of  explosive,  com. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


BESULTS   OP    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  29,  1912. 

Unit  swing  on  this  date,  3.44  inches. 

Weight  of  charge,  in  grams,  240,     240,     240. 

Swing,  in  inches,  3.49,     3.33,     3.48. 

Average  swing,  in  inches,  3.43. 

3.43  :  3.44  : :  240  :  (241). 
Therefore  the  unit  deflective  charge  of  Mine-ite  No.  5-D  is  241  grams. 

Gas  and  Dust  Gallery  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date  (1912). 

of 

and 

Kesult. 

Date  (1912). 

of 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  1. 

Test  3— Con. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

Aug.  29 

Do 

241 

7.87 

No  ignition. 

Sept.  3 

Do 

Do 

241 

No  ignition. 

241 
241 

8.25 
7.85 

Do. 
Do. 

241 
241 

Do. 

Do 

Do. 

Do 

241 
241 

7.93 
8.02 

Do. 
Do. 

Do 

Do 

241 
241 

Do. 

Aug.  30 

Do 

Do. 

241 
241 
241 

7.93 
8.01 

7.80 

Do. 
Do. 
Do. 

Do 

Do 

241 
241 

Do. 

Do 

Do. 

Do 

Do 

241 

8.24 

Do. 

Test  4. 

Do 

241 

8.30 

Do. 

Aug.  31 

a  680 

4.21 

No  ignition. 

Test  3. 

Do 

«680 

4.04 

Do. 

Do 

"680 

4.01 

Do. 

Sept.  3 

Do 

241 

No  ignition. 

Do 

a  680 

4.14 

Do. 

241 
241 

Do. 
Do. 

Do 

0  680 

4.22 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance 

between 

spark  i)oints. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Aug.  30                              

Millimeters. 
16.45 
15.80 
16.30 

Meters. 
43.0 
43.0 
43.0 

Meters. 
2,614 

Do 

2,722 

Do 

2,638 

Average  rate  of  detonation,  2,658  meters  (8,720  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
name. 

Sept.  9        .          

Millimeters. 
8.00 
4.25 
6.25 

Inches. 
10.11 
5.37 
7.89 

Millimeters. 
3.75 
1.50 
1.50 

Milliseconds. 
0.188 

Sept.  10 

.075 

Do .                    

.075 

Average  height  of  flame,  7.79  inches. 
Average  duration  of  flame,  0.113  millisecond. 
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Date,  September  27,  1912 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
fail. 

NumlDer  of 
trials. 

Result. 

Distance  of 

fall. 

Number  of 
trials. 

Result. 

Centimeters. 
40 
20 
15 

1 
1 
1 

Explosion. 
Do. 
Do. 

Centimeters. 
13 
11 
10 

1 
1 
5 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 
(3.94  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  145  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.3 

Do 

Do 

Inches. 

3 
2 

1 

Did  not  explode. 

Do. 
Exploded. 

Sept.3 

Do 

Do 

Inches. 

2 
3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  whicli  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Charge. a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Oct.  18 

Grams. 
218 
218 
218 
218 
218 
218 
218 
218 
218 

0.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 
.90 

Millimeters. 
30.00 
29.50 
29.00 
28.00 
28.50 
28.25 
26.75 
27.25 
26.25 

Kilograms. 
93.75 
92.19 
90.62 
87.50 
89.06 
88.28 
83.59 
85.16 
82.03 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Oct.  21 

\           92. 19 

Do 

Oct.  18 

■% 

Do 

!■           88.28 

Do 

Oct.  7 

] 

Oct.  9 

\           83.59 

Do 

a  Including  18  grams  of  the  original  wrapper. 

P=1.911A+0.5B- 1.4110=102.37  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.90.        W=218  grams. 

VPS 
M=^===^  =6,339  kilograms  per  square  centimeter  (90,160  pounds  per  square  inch"). 
vv 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  18  Grams  of 

THE  Original  Wrapper. 


Date,  September  4,  1912. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

20. 5 

Liquid  (water) 68.  0 

Gaseous 119.  4 
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Large  Calories  Developed  by  ]   Kilogram  of  the  Explosive. 
Charge,  109.0  grams." 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Sept.  14. 

Sept.  16. 

Do.. 


Kilograms. 
81.95 
81.95 
81.95 


'C. 
1.155 
1.169 
1.115 


Calories. 
982.8 
994.9 
948.5 


1 1ncluding  9  grams  of  the  original  \vTapper. 

Average  large  calories  per  kilogram  of  explosive,  975.4. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Sept.  23 

Millimeters. 
63.25 
63.25 
63.25 

Millimeters. 
50.75 
51.25 
51.25 

Millimeters. 
12.50 

Do 

12.00 

Sept.  24 

12  00 

Average  compression,  12.2  millimeters  (0.48  inch). 

Expansion  op  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

of  bore 
hole. 

ture  of 
block. 

Oct.  17 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
291 
291 
294 

Cubic  centi- 
meters. 
229 
229 
232 

°C. 

15 

Do                                                      

15 

Do.                      

15 

Average  expansion  of  bore  hole,  230  cubic  centimeters  (14.03  cubic  inches;. 

MONOBEL  NO.  2. 

Explosive,  Monobel  No.  2. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  236  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.98. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE  EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  7,  1910. 

Unit  swing  on  this  date,  2.99  inches. 

Weight  of  charge,  in  grams,  240,     240,     240. 

Swing,  in  inches,  2.95,     3.04,     3.02. 

Average  swing,  in  inches,  3.00. 

3.00  :2.99  :  :,240  :  (239). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  2  is  239  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (laiO). 

Weight 
charge. 

Methane 

and 
ethane. 

Kesult. 

Date  (1910). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
Feb.  10 

Grams. 
239 
239 
239 
239 
239 
239 
239 
239 
239 
239 

239 
239 
239 

Per  cent. 
8.26 
7.97 
7.92 
7.97 
8.16 
7.97 
7.87 
S.06 
7.87 
8.16 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Feb.  15 

Do 

Do 

Do 

Feb.  16 

Do 

Do 

Test  4. 

Feb.  18 

Do 

Do 

Do 

Do 

Grams. 
239 
239 
239 
239 
239 
239 
239 

o680 
O680 
O680 
a  680 
1680 

Per  cent. 

No  ignition. 

Do 

Do 

Do. 

Do  

Do. 

Do 

Do. 

Do 

Do. 

Do  ..   .   . 

Do. 

Do 

Feb.  11 

Do 

Test  3. 

Feb.  15 

3.83 
4.02 
3.92 
4.02 
3.87 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  used, 
Rate  of  Detonation. 


Diameter  of  cartridge,  1 J  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 

Distance 

between 

spark  point& 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Feb. 7 

yrUUmeters. 
14.34 
14. 30 
14.23 

Meters. 
43.0 
43.0 
43.0 

Meters. 
2,999 

Feb.  8 

3.007 

Do 

3,022 

Average  rate  of  detonation,  3,009  meters  (9,870  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan . 29 

Millimeters. 
6.00 
7.75 
8.50 

Inches. 
7.58 
9.79 
10.74 

Millimeters. 
1.50 
2.00 
2.00 

Milliseconds. 
0.075 

Do 

100 

Do 

100 

Average  height  of  flame,  9.37  inches. 
Average  duration  of  flame,  0.092  millisecond. 


Date,  March  2,  1910. 


EESULTS   OF    TESTS. 
Impact  Test. 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
.fall. 

Number  of 
trials. 

Result. 

Centimeters. 

Centimeters. 

30 

Explosion. 

21 

Explosion. 

24 

No  explosion. 

20 

No  explosion. 

25 

Explosion. 

20 

Explosion. 

24 

Do. 

19 

Do. 

23 

No  explosion. 

18 

Do. 

23 

Explosion. 

17 

No  explosion. 

22 

No  explosion. 

17 

Explosion. 

22 

Explosion. 

16 

5 

No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  16  centimeters 
(6.30  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  162  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  13 

Do 

Do 

Do 

Inches. 

6 
10 
8 
9 

Exploded. 
Did  not  explode. 
Exploded. 
Do. 

Dec.  13 

Do 

Do 

Do 

Inches. 

10 
11 
11 
11 

Exploded. 

Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  11  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1910). 


Oct.  29 

Grams. 
6  218 

Do 

218 

Oct.  31 

218 

Nov.  25 

218 

Do 

218 

Nov.  28 

218 

Do 

218 

Do 

218 

Do 

218 

C'harge.i 


Specific 
gravity. 


0.98 

.98 
.98 
.98 
.98 
.98 


Height  of 
curve. 


Millimeters. 
37.50 
29.50 
29.75 
28.50 
28.50 
28.00 
27.25 
26.25 
27.50 


Pressure 
per  square 
centimeter. 


Kilograms. 
93.75 
92.19 
92.97 
89.06 
89.06 
87.50 
85.10 
82.03 
85.94 


Cooling 
surface. 


.Average 

pressure 

per  square 

centimeter. 


Kilograms. 
[  92. 97 

88.  .54 


a  Including  18  grams  of  the  original  wrapper. 

f>  Indicator  spring,  0.4  millimeter=l  kilogram  per  .square  centimeter. 

P=1.911A+0.5B-1.411C=102.88  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.98.        W=218  grams. 

VPS 
M  =  -— -  =6,937  kilograms  per  square  centimeter  (98,670  pounds  per  square  inch). 

Products  op  Combustion  from:  200  Grams  of  the  Explosive  and  19  Grams  of 

the  Original  Wrapper. 
[Analyst,  A.  L.  Hyde.] 


Date,  July  8,  1910. 
Solid 


Grams. 

20. 4 

Liquid  (water) 67.  5 

Gaseous 128.  5 


216  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  109.0  grams.a 


Date  (1910). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Nov.  16            

Kilograms. 
79.85 
79.85 
79.85 

°C. 
0.968 
.945 
.950 

Calorie.'i. 
803.9 

Nov.  17 

784.5 

Nov.  18 

788.7 

a  Including  9  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  792.4 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  15 

Millimeters. 
63.25 
63.25 
63.25 

Millimeters. 
49.00 
49.50 
49.00 

Millimeters. 
14. 25 

Do 

13  75 

Do 

14.25 

Average  compression,  14.1  millimeters  (0.56  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Nov.  11 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
316 
317 
326 

Cubic  centi- 
meters. 
253 
254 
263 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  257  cubic  centimeters  (15.68  cubic  inches). 

MONOBEL  NO.  3. 

Explosive,  Monobel  No.  3. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  221  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  straw. 

Consistency,  granular  and  fibrous,  fine,  dry,  hard,  slightly  cohesive. 


RESULTS   OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  14,  1910. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  charge,  in  grams,  250,     250,     250. 

Swing,  in  inches,  3.50,     3.41,     3.49. 

Average  swing,  in  inches,  3.47. 

3.47  :  3.37:  :  250  :  (243). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  3  is  243  grams. 

Gas  and  Dust  Gallery  No.  1. 


I>;ite  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  l. 
Feb.  14 

Grams. 
243 
243 
243 
243 
243 
243 
243 
243 
243 
243 

243 
243 
243 

Per  cent. 
8.05 
8.13 
8.13 
8.13 
8.05 
7.77 
8.13 
7.95 
8.13 
8.13 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Feb.  17 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Mar.  3 

Mar.  7 

Do 

Do 

Do 

Gram.i. 
243 
243 
243 
243 
243 
243 
243 

O680 
a  6S0 
a  680 

a  080 
a  680 

Per  cent. 

No  ignition. 

Do 

Do. 

Feb.  15 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  17     . 

3.87 
3.92 
3.97 
3.87 
3.87 

No  ignition. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1|  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


Rate  of 
detonation 
per  second. 


Mar.  7, 

Mar.  8. 

Do 


Millimeters. 
19.58 
19.37 
19.36 


Meters. 
43.0 
43.0 
43.0 


Meters. 

2,196 
2,220 
2,221 


Average  rate  of  detonation,  2,212  meters  (7,260  feet)  per  second. 

Flame  Test. 
Peripheral  sjieed  of  film,  20  meters  per  second. 


Date  (1913). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Jan.  29 ■ 

Millimeters. 
6.75 
8.75 
7.75 

Inches. 
8.53 
11.05 
9.79 

Millimeters. 
1.75 
2.50 
2.25 

Milliseconds. 
0.088 

Do.. 

.125 

Do 

.112 

Average  height  of  flame,  9.79  inches. 
Average  duration  of  flame,  0.108  millisecond. 
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Date,  March  2,  1910 


TESTS   OP   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 


Centimeters. 
20 
20 
19 
19 


Number  of 
trials. 


Result. 


No  explosion. 
Explosion. 
No  explosion. 
Explosion. 


Distance  of 
fall. 


Centimeters. 
18 
18 
17 
16 


Number  of 
trials. 


Result. 


No  e.xplosion. 
Explosion. 

Do. 
No  explosion. 


The  maximum  height  at  which  no  explosion  occurs  is  established  at  16  centimeters 
(6.30  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  150  grams. 


Date  (1910). 


Nov.  29 
Do. 
Do. 
Do. 


Distance 
separating 
cartridges. 


Result,  upper 
cartridge. 


Inches. 


Did  not  explode. 

Exploded. 

Did  not  explode. 

Exploded. 


Date  (1910). 


Nov.  30... 
Do.... 
Do.... 


Distance 
separating 
cartridges. 


Inches. 


Result,  upper 
cartridge. 


Did  not  explode. 
Do. 
Do. 


The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.4  millimeter=l  kilogram  per  square  centimeter. 


Date  (1910). 

Charge.o 

Specific 
gravity. 

Height  of 
curve. 

Pressui'e 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Oct.  19 

Grams. 
220 
220 
220 
220 
220 
220 
220 
220 
220 

0.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 
.93 

Millimeters. 
37.00 
36.  50 
36.00 
34.00 
34.50 
34.50 
32.50 
31.50 
31.  75 

Kilograms. 
92.50 
91.25 
90.00 
85.00 
86.25 
86.25 
81.25 
78.75 
79.37 

A 
A 

Kilograms. 
) 

Oct.  20      . . 

I              01   9.1 

Do 

Oct.  21 

B 

B          1-           85. 83 

Do 

Do 

B 

Oct.  20 

C 

Do 

C          \           79. 79 

Do 

C 

a  Including  20  gram.s  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=104.71  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=0.9.3.        W=220  grams. 
VPS 

''  W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  20  Grams  of 

THE  Original  Wrapper. 


Date,  July  11,  1910. 
Solid 


[Analyst,  \.  L.  Hyde.] 


Grams. 
23.0 


Liquid  ( wal er) 67.  0 

Gaseous , 130.  8 


EESULTS   OF    TESTS. 

Large  Calories  Developed  by  1  Kilogram  of  the 
Charge,  110.0  grams. a 
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Explosive. 

Pate  (1910). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Nov.  18 

Kilograms. 
80.05 
80.05 
80.05 

"C. 
0.919 
.911 
.915 

Calorics. 

Do 

750  8 

Nov.  19 

a  Including  10  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  754.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  15 

Millimeters. 
63.25 
63.25 
63.25 

Millimeters. 
53.25 
53.25 
54.00 

Millimeters. 
10  GO 

Do 

10.00 

Do : 

9.25 

Average  compression,  9.8  millimeters  (0.39  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

of  bore 
hole. 

ture  of 
block. 

Nov.  11 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
310 
310 
319 

Cubic  centi- 
meters. 
247 
247 
256 

°C. 

15 

Do 

15 

Do .   .          .. 

15 

Average  expansion  of  bore  hole,  250  cubic  centimeters  (15.25  cubic  inches). 

MONOBEL  NO.  4. 

Explosive,  Monobel  No.  4. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  |  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  95  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.08. 

Color  of  explosive,  corn. 

Consistency,  fibrous,  fine,  very  dry,  very  soft,  slightly  cohesive. 
91853°— Bull.  66—13 15 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  i:)endulum: 

Date,  January  23,  1911. 

Unit  swing  on  this  date,  3.05  inches. 

Weight  of  charge,  in  grams,  250,     250,     250. 

Swing,  in  inches,  3.05,     3.13,     3.02. 

Average  swing,  in  inches,  3.07. 

3.07  :  3.05  : ;  250  :  (248). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  4  is  248  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

charge. 

Methane 
and 

ethane. 

Result. 

Test  1. 

Grains. 

248 
248 
248 
.    248 
248 
248 
248 
248 
248 
248 

248 
248 
24« 

Per  cent. 
8.02 
8.20 
8.10 
8.03 
8.04 
7.94 
7.94 
7.96 
7.89 
8.02 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Feb.  3 

Do 

Do 

Do 

Feb.  4 

Do 

Do 

Test  4. 

Jan. 31 

Do 

Feb.  1 

Do 

Do 

Grams. 

248 
248 
248 
248 
248 
248 
248 

a6S0 
atiSO 
o680 
O680 
O680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do 

Do 

Do. 

Do 

Do. 

Jan. 27 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 
Feb.  3 

3.98 
3.93 
4.07 
4.02 

4.12 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  oi'  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator.  No.  7. 


Date  (1911). 

Distance 

between 

sparli  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Millimeters. 
16.37 
16.50 
16.43 

Meters. 
45. 0 
45.0 
45.0 

Meters. 

2,749 

Do                             

2,727 

Do 

2,739 

Average  rate  of  detonation,  2,738  meters  (8,980  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  lllm,  20  meters  per  second. 


Date  (1911). 


Aug.  14. 

Sept.  28 

Do. 


Height  of 
photograph. 


Millimeters 
10.00 
8.75 
9.50 


Height  of 
flame. 


Inches. 
12. 63 
11.05 
11.93 


Duration 
distance. 


Millimeters. 
2.50 
3.00 
2.50 


Duration  of 
flame. 


Milliseconds. 

0.125 

.150 

.125 


Average  height  of  flame,  11.87  inches. 
Average  duration  of  flame,  0.133  millisecond. 


EESULTS   OF   TESTS. 
Impact  Test. 
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Date,  July  26,  1911. 


Distance  of 
faU. 

Number  of 
trials. 

Result. 

Distance  of 

fall. 

Number  of 
trials. 

Result. 

•  Centimeters. 
20 
18 

1 
1 

Explosion. 
Do. 

Centimeters. 
13 
12 

1 
5 

Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  estalilished  at  12  centimeters 
(4.72  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  184  grams. 


Date  (1911). 

Distance 

separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.  23 

Do 

Sept.  25 

Inches. 

3 
5 
4 

Exploded. 
Did  not  explode. 
Do. 

Sept.  27 

Do 

Inches. 

4 
4 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


July  26. 

Do. 

Do. 
July  27. 

Do. 

Do. 

Do. 

Do. 

Do. 


Charge.o 


Grams. 
b222 
222 
222 
222 
222 
222 
222 
222 
222 


Specific 
gravity. 


1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 
1.08 


Height  of 
curve. 


Millimeters. 
35.00 
28.75 
28.25 
25.00 
25.50 
26.00 
22.25 
23.25 
22.75 


Pressure 
per  square 
centimeter. 


Kilograms. 
87.50 
89.85 
88.28 
78.12 
79.69 
81.25 
(■)9. 53 
72. 66 
71.09 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
[  88.54 

79. 69 

71.09 


1 1ncluding  22  grams  of  the  original  wrapper. 

6  Indicator  spring,  0.4  millimeter==l  kilogram  per  square  centimeter. 

P=1.911A+0.5B  — 1.411C=108.74  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.         S=1.08.        W=222  grams. 

VPS 
M=—r- =7,935  kilograms  per  square  centimeter  (112,870  pounds  per  square  inch). 


Products  op  Combustion  from  200  Grams  of  the  Explosive  and  22  Grams  of 

the  Original  Wrapper. 


Date,  June  19,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

22. 7 

Liquid  (water) 63.  5 

Gaseous 131.  8 


222  TESTS   OF   PEEMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  op  the  Explosive. 
Charge,  111.0  grams. « 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel-1 
oped  per 
kilogram. 


July  27. 

Do. 

Julv  28. 


Kilograms. 
80. 95 
80.95 
80. 95 


0.978 
.982 
.983 


Calories. 
807. 2  J 
810. 
811. 


a  Including  11  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  809.7. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Aug.  31 

Millimeters. 
63.50 
63.25 
63.50 

Millimeters. 
49.25 
49.25 
49.75 

Millimeters. 
14.25 

Do         

14  00 

Do 

13.75 

Average  compression,  14.0  millimeters  (0.55  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  7 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
302 
300 
306 

Cubic  centi- 
meters. 
239 
237 
243 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  240  cubic  centimeters  (14.64  cubic  inches). 

MONOBEL  NO.  5. 

Explosive,  Monobel  No.  5. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  l)y  the  E.  I.  du  Pont  de  Nemours  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  113  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  corn. 

Consistency,  granular,  fine,  very  dry,  very  soft,  not  cohesive. 


RESULTS   OF   TESTS. 

Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  January  23,  1911. 

Unit  swing  on  this  date,  3.05  inches. 

Weight  of  charge,  in  grams,  265,     265,     265. 

Swing,  in  inches,  3.00,     3.08,     3.01. 

Average  swing,  in  inches,  3.03. 

•  3.03:  3.05::  265:  (267). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  5  is  267  grams. 

Gas  and  Dust  Gallery  No.  1. 
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Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Jan.  27 

Grams. 
267 
267 
267 
267 
267 
267 
267 
267 
267 
267 

267 

267 
267 

Per  cent. 
8.09 
8.14 
8.22 
8.09 
7.85 
7.91 
7.89 
8.05 
8.20 
8.11 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  igmtion. 
Do)! 

Test  3— Con. 

Feb. 4 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  1 

Do 

Do 

Do 

Do 

Grams. 
267 
267 
267 
267 
267 
267 
267 

0  680 

a  mo 

a  080 
nOSO 
a6S0 

Per  cent. 

No  ignition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  4 

4.11 
3.96 
4.01 
4.22 
3.99 

No  igmtion. 

Do! 
Do 

Do 

Do 

Do. 

0  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1913). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jan. 9 

Millimeters. 
21.85 
21.75 
21.90 

Meters. 
45.0 
45.0 
45.0 

Meters. 
2,059 

Jan. 16 

2,0(>9 

Jan. 17 

2,055 

Average  rate  of  detonation,  2,061  meters  (6,760  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1911). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Sept.  28 

Millimeters. 
7. 00 
10.00 
8.00 

Inches. 
8.84 
12.63 
10.10 

Millimeters. 
2.50 
3.50 
2.75 

Milliseconds. 
0.125 

Do 

.175 

Do 

.138 

Average  height  of  flame,  10.52  inches. 
Average  duration  of  flame,  0.146  millisecond. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Date,  July  25,  1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
19 
16 
12 

1 

1 
1 
1 

Explosion. 
Do. 
Do. 
Do. 

,  Centiweters. 
10 
11 
10 

1 

1 
4 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  establislied  at  10  centimeters 
(3.94  in-ches). 

Explosion-by-Inpluence  Test. 

Weight  of  each  cartridge,  175  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Re.sult,  upper 
cartridge. 

Sept.  28 

Do 

Do 

Inclifs. 

4 
3 

2 

Did  not  explode. 

Do. 
Exploded. 

Sept.  28 

Do 

Inches. 

3 
3 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1911). 


July  29. 

Do. 

Do. 

July  28. 

"Do. 

Do. 
July  27. 

Do. 
July  28. 


Charge,  a 

Specific 
gravity. 

Grams. 

215 

1.03 

215 

1.03 

215 

1.03 

215 

1.03 

215 

1.03 

215 

1.03 

215 

1.03 

215 

1.03 

215 

1.03 

Height  of 
curve. 


Millimeters. 
27.00 
28.25 
28.00 
26.00 
26.00 
25.25 
23.00 
22.75 
23.75 


Pressure 
per  square 

Cooling 
surface. 

centimeter. 

Kilograms. 

84. 38 

A 

88.28 

A 

87.50 

A 

81.25 

B 

81.25 

B 

78.91 

B 

71.88 

C 

71.09 

C 

74.22 

C 

Average 

pressure 

per  square 

centimeter. 


Kilograms. 

'y  86. 72 

t  80. 47 

^  72. 40 


a  Including  15  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C=103.80  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.03.        W=215  grams. 

VPS 

M=  -—-—=7,459  kilograms  per  square  centimeter  (106,100  pounds  per  square  inch). 
W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  15  Grams  of 

THE  Original  Wrapper. 


Date,  June  20,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

23. 7 

Liquid  (water) 62.5 

Gaseous 125.  5 


RESULTS   OP   TESTS.  225 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  107.5  grams.a 


Date  (1911). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

July  28 

Kilograms. 
80.95 
80.95 
80.95 

0.973 
1.005 
1.000 

Calories. 
829  2 

■  Do 

856  7 

Do 

852  5 

o  Including  7.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  846.1. 


Compression  op  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Aug.  31 

Millimeters. 
ft}.  00 
63. 50 
&3.50 

Millimeters. 
51.00 
51.25 
51.25 

Millimeters. 
12.00 

Do 

12.25 

Do 

12.25 

Average  compression,  12.2  millimeters  (0.48  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  6 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
210 
209 
210 

Cubic  centi- 
meters. 
147 
146 
147 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  147  cubic  centimeters  (8.97  cubic  inches). 

MONOBEL  NO.  6. 

Explosive,  Monobel  No.  6. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  E.  I.  du  Pontde  Nemours  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  |  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  9G  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.12. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  February  13,  1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  charge,  in  grams,  220,     220,     220. 

Swing,  in  inches,  3.31,     3.45,    3.45. 

Average  swing,  in  inches,  3.40. 

3.40  :  3.37  :  :  220  :  (218). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  G  is  218  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (19l2). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Feb  13     - 

Orams. 
218 
218 
218 
218 
218 
218 
218 
218 
218 
218 

218 
218 
218 

Per  cent. 
8.12 
7.79 
8.27 
8.08 
8.33 
8.10 
8.21 
8.25 
?.  12 
8.40 

No  ignition. 

Da 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Feb.  16 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  lf> 

Do 

Do 

Feb.  17 

Do 

Orams. 
218 
218 
218 
218 
218 
218 
218 

O680 
O680 
"680 
a  680 
1680 

Percent. 

No  ignition. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do. 
Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Feb.  16 

4.04 
4.11 
3.92 
4.07 
3.91 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1|  inches. 
Electric  detonator.  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Feb.  14 ; 

Millimeters. 
14.20 
14.10 
14.35 

Meters. 
45.0 
45.0 
45.0 

Meters. 
3,169 

Feb.  15 

3,191 

Feb.  16 

3,136 

Average  rate  of  detonation,  3,165  meters  (10,380  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Dural  ion  of 
flame. 

May  15 

Millimeters . 
11.00 
9.25 
16.50 

Inches. 
13.89 
11.68 
20.84 

Millimeters . 
2.25 
3.50 
6.00 

Milliseconds. 
0.112 

Do 

.175 

Do 

.300 

Average  height  of  flame,  15.47  inches. 
Average  duraticm  of  flame,  0.1%  millisecond. 


I- 

Date,  April  19,  1912. 

RESULTS   OF   TESTS. 
Impact  Test. 
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Distance  of 
fan. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

■Centimeters. 
20 
25 
23 

24 

24 

No  explosion. 
Explosion. 
No  explosion. 

Do. 
Explosion. 

Centimeters. 
23 
22 
22 
21 

1 
3 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  lieight  at  which  no  explosion  occurs  established  at  21  centiaieters 
(8.27  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  180  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May  3 

Do 

Do 

Inches. 

7 
3 
5 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Mays 

May  4 

Do 

Inches. 

4 
5 
5 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  exi^losion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  milluneter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Apr.  26. 

Do. 

Do. 
May  3. . 

Do. 

Do. 

Do. 

May  4. . 

ho.. 


Charge.a 

Specific 

gravity. 

Grams. 

221 

1.12 

221 

1.12 

221 

1.12 

221 

1.12 

221 

1.12 

221 

1.12 

221 

1.12 

221 

1.12 

221 

1.12 

Height  of 
curve. 


Millimeters. 
33.00 
34. 50 
33.00 
30. 7.5 
29.50 
30.  25 
29.25 
29.50 
30.25 


Pressure 
per  square 
centimeter. 


Kilograms. 
103.12 
107.  M 
103.12 
96. 09 
92.19 
94.  .53 
91.41 
92.19 
94.53 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
104. 68 

94.27 

92. 71 


a  Including  21  grams  of  the  original  wrapper. 

P=1.911A+0.5B -1.4110=116.36  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.  S=1.12.         W=221  grams. 

VPS 
M=-^ry^= 8,845  kilograms  per  square  centimeter  (125,800  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  21  Grams  of 

the  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  March  5,  1912.  Grams. 

Solid 11.2 

Liquid  (water) 65.  0 

Gaseous 137.  3 


228  TESTS   OF  PEEMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Ivllogram  of  the  Explosive. 
Charsre,  110.5  <n-ams.« 


Date  (1912). 

Weight 
of  water. 

Rise  in 

tempera- 

tiire. 

Heat  devel- 
oped per 
kilogram. 

Mar.  12 

Kilograms. 
81.95 
81.95 
81.95 

1.308 
1.326 
1.300 

Calorics. 
1,099.0 

Mar.  13 

1,114  2 

Mar.  22 

1,092.2 

a  Including  10.5  grams  of  Ihe  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  1,101.8. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Dale  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

A  pr .  1 7 

Millimeters. 
63.50 
63.25 
63.50 

Millimeters. 
48.00 
48.00 
48.50 

Millimeters. 
15.50 

Do 

15.25 

Do 

15  00 

Average  compression,  15.2  millimeters  (0.60  inch). 

Expansion'  op  Bore  Hole  of  Trauzl  Lead  Blocks, 
Charge,  10  grams. 


Date  (1912). 


Apr.  25 

Do. 

Apr.  26 


Volume  of  bore  hole. 


Before 
shot. 


Cubic  centi- 
meters. 
62 
62 
62 


After 
shot. 


Cubic  centi- 
meters. 
342 
340 
340 


Expansion 
of  bore 
hole. 


Cubic  centi- 
meters. 
280 
278 
278 


Tempera- 
ture of 
block. 


Average  expansion  of  bore  hole.  279  cubic  centimeters  (17.02  cubic  inches). 

MONOBEL  NO.  7. 

Explosive,  Monobel  No.  7. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  E.  I.  du  Pont  de  Nemom-s  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  |  inch. 

Length  of  cartridge,  8  inches. 

Average  weight,  93  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gi-avity  of  cartridge  by  sand,  1.09. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


RESULTS   OF   TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  penduliun: 

Date,  February  13,  1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  charge,  in  grams,  220,     220,     220. 

Swing,  in  inches,  3.57,     3.46,     3.53. 

Average  swing,  in  inches,  3.52. 

3.52:3.37  ::  220:  (211). 
Therefore  the  unit  deflective  charge  of  Monobel  No.  7  is  211  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 


Test  1. 

Feb.  14  . . . 

Do.... 

Do.... 

Do... 

Do... 

Do... 

Do.... 

Do... 
Feb.  15.... 

Do... 

Tests 

Feb.  15.... 
Do. ... 
Do.... 


Weight 

of 
charge. 


Orams. 
211 
211 
211 
211 
211 
211 
211 
211 
211 
211 


211 
211 
211 


Methane 

and 
ethane. 


Per  cent. 
8.27 
8. 32 
8.30 

8.47 
8.25 
8.27 
8.54 
8.28 
8.08 
8.25 


Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
*       Do. 
Do. 


Weight 

Methane 

Date  (1912). 

of 

and 

charge. 

ethane. 

Test  3— Con. 

Orams. 

Per  cent. 

Feb.  15 

211 
211 
211 
211 
211 
211 
211 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Feb.  17 

fi  680 

4.  OS 

Do 

a  680 

4.15 

Do 

a  680 

4.03 

Do 

"680 

4.08 

Do 

o680 

4.25 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


1 680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator.  No.  7. 


• 
Date  (1912). 

DLstance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Feb.  14 

Millimeters. 
14.85 
14.60 
14.60 

Meters. 
45.0 
45.0 
45.0 

Meters. 
3,030 
3,082 
3,082 

Feb.  16 

Do 

Average  rate  of  detonation,  3,065  meters  (10,050  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

May  11 

Millimeters. 
11.75 
11.75 
13.00 

Inches. 
14.84 
14.84 
16.42 

Millimeters. 
6.00 
5.  .50 
5.  .50 

Milliseconds. 
0.300 

Do 

.275 

Do 

.275 

Average  height  of  flame,  15.37  inches. 
Average  duration  of  flame,  0.283  millisecond. 
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Impact  Test. 
Date,  April  20,  1912. 


Distance  of 
faO. 

Number  of 
trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
25 
35 
32 
33 

No  explosion. 

Do. 
Explosion. 
No  explosion. 
Explosion. 

pentimeters. 

o2 
31 
31 
30 

1 

1 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  30  centimeters 
(11.81  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  175  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dale  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

May  4 

Do 

Do 

Inches. 

4 
6 
5 

Exploded. 
Did  not  explode. 
Do. 

May  4 

MavG 

"Do 

Inches. 

5 
6 
6 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  niillimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge.o 

Specific 
gravity. 

Grams. 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

220 

1.09 

Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 
smface. 


Average 

pressure 
per  square 
centimeter. 


Apr.  26. 

Do. 

Do. 
May  6.. 

Do. 

Do. 
May  7. . 

Do. 

Do. 


Millimeters. 
33.00 
32.75 
33. 00 
30.50 
30.25 
29.50 
30.  .50 
31.00 
30.25. 


Kilograms, 
mi.  12 
102.34 
103.12 
95.31 
94.53 
92.19 
9.5.31 
96.88 
94.53 


Kilograms. 
102. 86 

94. 01 

95.57 


a  Including  20  grams  of  the  original  wrapper. 

P=1.911A+0..5B  — 1.4110=108.72  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.09.        W= 220  grams. 

VPS 
M=-T7^  =8,080  kilograms  per  square  centimeter  (114,920  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  20  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hj-dc.] 


Date,  March  6,  1912. 
SoUd 


Grams. 

10.  0 

Liquid  (water) 69.  5 

Gaseous 134.  4 


RESULTS   OF   TESTS. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  110.0  grams. « 
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Date  (1913). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kDogram. 

Mar.  20  

Kilograms. 

'81.95 

81.95 

81.95 

"C. 
1.238 
1.234 
1.263 

Calorics. 
1  044.5 

Feb.  24 

1,041.1 
1,065.7 

Do 

a  Including  10  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  1,050.4. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Apr.  17    

Millimeters. 
63.25 
63.25 
63.25 

Millimeters. 
47.75 
47.75 
48.00 

Millimeters. 
15.50 

Do 

15.50 

Do 

15.25 

Average  compression,  15.4  millimeters  (0.61  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Apr.  25 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
340 
334 
344 

Cubic  centi- 
meters. 
278 
272 

282 

°C. 

19 

Do 

19 

Apr  29...                       .                                  

16 

Average  expansion  of  bore  hole,  277  cubic  centimeters  (16.90  cubic  inches). 
NITRO  LOW-FLAME  NO.   1. 

Explosive,  Nitro  low-flame  No.  1. 
Class  4,  nitroglycerin. 
Manufactured  by  the  Nitro  Powder  Co. 
Physical  examination : 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  218  grams. 

Cartridge  had  not  been  rcdipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.22. ^ 

Color  of  explosive,  straw. 

Consistency,  powdered,  very  fine,  dry,  soft,  slightly  cohesive. 
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TESTS   OP   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  September  15,  1910. 

Unit  swing  on  this  date,  3.32  inches. 

Weight  of  charge,  in  grams,  300,     300,     300. 

Swing,  in  inches,  3.34,     3.34,     3.20. 

Average  swing,  in  inches,  3.29. 

3.29  :  3.32  : :  300  :  (303). 
Therefore  the  unit  deflective  charge  of  Nitro  low-flame  No.  1  is  303  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 

Weight 
charge. 

Methane 
and 

ethane. 

Result. 

Date  (1910). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Sept.  19 

Grams. 
303 
303 
303 
303 
303 
303 
303 
303 
303 
303 

303 
303 
303 

Per  cent. 
8.22 
8.16 
8.20 
8.16 
8.30 
8.30 
8.07 
8.24 
8.26 
7.92 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Sept.  20 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  16 

Do 

Do 

Do 

Do 

Grams. 
303 
303 
303 
303 
303 
303 
303 

a  680 
a6S0 
a6S0 
a  680 
o680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Sept.  20 

4.18 
4.22 
4.22 
4.13 

4.18 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do 

o  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 

Distance 

between 

sparlc  iwints. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Sept.  16 

Millimeters. 
10.70 
10.80 
10.50 

Meiers. 
43.5 
43.5 
43.5 

Meters. 

4,065 
4,028 
4,143 

Do 

Do 

Average  rate  of  detonation,  4,079  meters  (13,380  feet)  per  second. 

Flame  Test. 
Peripheral  speed  nf  film.  20  meters  per  second. 


Date  (1910). 


Height  of 
photograph. 


Height  of 
fl^ae. 


Duration 
distance. 


Duration  of 
flame. 


Sept.  23 

Do. 

Sept.  30 


Millimeters. 
12.50 
14.75 
11.25 


Inches. 
15.79 
18.63 
14.21 


Millimeters. 
5.50 
5.50 
4.75 


Milliseconds. 

0.275 

.275 

.238 


Average  height  of  flanre,  16.21  inches. 
Average  duration  of  flame,  0.263  millisecond. 


RESULTS   OF   TESTS. 
Impact  Test. 
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Date,  February  18,  1911. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

Centimeters. 
26 
20 
24 
22 
23 
23 
22 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

Do. 
Explosion. 

Do. 

Centimeters. 
20 
16 
14 
14 
13 
13 
12 

1 

1 
2 
1 
2 

1 
5 

Explosion. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  196  grams. 


Date  (1911). 

Distance 

separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  17 

Do. 

Do 

Inches. 

8 
4 
6 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Feb.  18 

Do 

Do 

Inches. 

5 
6 
6 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimeter =1  kilogram  ])er  square  centimeter. 


Date  (1911). 

Charge.  1 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Mar.3 - 

Grams. 
214.8 
214.8 
214.8 
214.8 
214.8 
214.8 
214.8 
214.8 
214.8 

1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 
1.22 

Millimeters. 
25.00 
24.25 
25.25 
25.00 
24.75 
25.00 
21.50 
22.00 
22.00 

Kilograms. 
62.50 
60.62 
63.12 
62.50 
61.88 
62.50 
53.75 
55.00 
55.00 

A 
A 
A 
B 
B 
B 
C 

Kilograms. 

Mar.  7 

f           62  08 

Mar.  13 

Mar.2 

j 

Do 

I           62  29 

Do 

Mar.  3 

j 

Do 

I           54  58 

Do 

a  Including  14.8  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=72.77  kilograms  per  square  centimeter. 

V= 15,000  cubic  centimeters.        S=1.22.        W=214.8  grams. 

VPS 
M=-— -=6,200  kilograms  per  square  centimeter  (88,190  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  14.8  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  February  20,  1911.  Grams. 

Solid 60.  5 

Liquid  (water) 11.  5 

Gaseous 134.  3 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  107.4  grams. a 


Date  (1911). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


neat  devel- 
oped per 
kilogram. 


Feb.  28. 
Do. 
Do. 


Kilograms. 
80.95 
80.95 
80.95 


'C. 
0.698 
.714 
.704 


Calorie^. 

5<):i.  2 
606.  '.I 
698. 3 


o  Including  7.4  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  599.5. 


Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  10 

Millimeters. 
63.  50 
63.50 
63.50 

MiUimelers. 
45.25 
45.50 
45.25 

Millimeters. 
18.25 

Do                                               

18.00 

Do                             

18.25 

Average  compression,  18.2  millimeters  (0.72  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempsra- 

Date  (1911). 

Before 
shot. 

After 
shot. 

tiu-e  of 
block. 

Feb  27                                    

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
215 
212 

219 

Cubic  centi- 
meters. 
152 
149 
156 

°C. 

15 

Do                            

15 

Do 

15 

Average  expansion  of  bore  hole,  152  cubic  centimeters  (9.27  cubic  inches). 
NITRO  LOW-FLAME  NO.  2. 

Explosive,  Nitro  low-flame  No.  2. 
Class 4,  nitroglycerin. 
Manufactured  l)y  the  Nitro  Powder  Co. 
Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  244  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.31. 

Color  of  explosive,  straw. 

Consistency,  powdered,  very  fine,  dry,  soft,  slightly  cohesive. 


RESULTS   OF    TESTS. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  September  15,  1910. 

Unit  swing  on  this  date,  3.32  inches. 

"Weight  of  charge,  in  grams,  285,     285,     285. 

Swing,  in  inches,  3.10,     3.16,     3.25. 

Average  swing,  in  inches,  3.17. 

3.17  :  3.32  :  :  285  :  (298). 
Therefore  the  unit  deflective  charge  of  Nitro  low-flame  No.  2  is  298  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1910). 


Test  l. 

Sept.  19... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 
Sept.  20... 

Test  .3. 

Sept.  20... 

Do.... 

Sept.  21... 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

298 

8.07 

298 

8.31 

298 

7.94 

298 

8.25 

298 

7.97 

298 

8.07 

298 

8.07 

298 

8.05 

298 

8.07 

298 

8.07 

298 

298 

^. . . 

298 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1910). 


Test  3— Con 

Sept.  21 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  17 

Do 

Do 

Do 

Oct.  12 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Orams. 

Per  cent. 

298 

298 
298 
298 

298 

298 
298 

O680 

4.18 

a  6^0 

4.47 

a  680 

4.32 

o6S0 

4.27 

1680 

3.94 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


o  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1}  inches. 
Electric  detonator.  No.  7. 


Date  (1910). 


Distance 

between 

spark  points. 


Peripheral 

speed  of  drum 

per  second. 


Rate  of 
detonation 
I)er  second. 


Sept.  16 

Sept.  19 

Do. 


Millimeters. 


10.00 
9.84 


Meters. 
43.5 
43.5 
43.5 


Meters. 
4,545 
4,350 
4,421 


Average  rate  of  detonation,  4,439  meters  (14,560  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 


Height  of 
photograph, 


Height  of 
flame. 


Duration 
distance. 


Duration  of 
flame. 


Sept.  30 
Do. 
Do. 


Minimeters. 
U.lb 
20.25 
22.75 


Inches. 
22.42 
25.58 
28.74 


Millimeters. 
7.25 
10.50 
11.00 


Milliseconds. 

0.362 

.525 

.550 


Average  height  of  flame,  25.58  inches. 
Average  duration  of  flame,  0.479  millisecond. 
91853°— Bull.  6(i— 13 16 
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Date,  February  18,  1911 


TESTS    OF    PERMISSIBLE    EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 

Numl)er  of 
trials. 

Result. 

Distance  of 

fall. 

Number  of 
trials. 

Result. 

Centimeters. 
16 
18 
20 
24 
22 

No  explosion. 

Do. 

Do. 
Explosion. 

Do. 

Centimeters. 
20 
18 
16 
15 
14 

1 
1 
1 
1 
5 

Explosion. 

Do. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  14  centimeters 
(5.51  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  211  grams. 


Date  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dale  (1911). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Feb.  18 

Do 

Indies. 

6 
5 

No  explosion. 
Explosion. 

Feb.  18 

Feb.  20 

Inches. 

6 
6 

No  explosion. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  6  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BiCHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimeter =1  kilogram  per  square  centimeter. 


Date  (1911). 


Charge.a 

Specific 
gravity. 

Grains. 

212 

1.31 

212 

1.31 

212 

1.31 

212 

1.31 

212 

1.31 

212 

1.31 

212 

1.31 

212 

1.31 

212 

1.31 

Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Mar.  14. 
Do. 
Do- 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


Millimeters. 
27.00 
27.00 
27.25 
25.50 
25.00 
25.  75 
23.50 
24.25 
23.50 


Kilograms. 
67.50 
67.  50 
68. 12 
63.75 
62.  50 
64. 38 
58.75 
60.62 
58.75 


Kilograms. 
67.71 

63. 54 

59. 37 


a  Including  12  grams  of  the  original  wrapper. 

P=1.911A+0.5B-1.411C=77.39  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.31.        W=212  grams. 

VPS 
M=  ^y  =7,173  kilograms  per  square  centimeter  (102,030  pounds  per  square  inch). 

Products  of  Combustion  prom  200  Grams  of  the  Explosive  and  12  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  February  21,  1911. 
Solid 


Grams. 

64. 3 

Liquid  (water) 14.  3 

Gaseous 124.7 


EESULTS   OF   TESTS.  237 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106. 0  grams. a 


Date  (1911). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Mar.  1 

Kilograms. 
80.95 
80.95 
80.95 

0.746 
.777 
.7.52 

Calories. 
642.9 
669.9 
648.1 

Do 

Do 

1 1ncluding  6  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  653.6. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1911). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  10  

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
45.25 
44.75 
44.50 

Millimeters. 
18.25 
18.75 
19.00 

Do 

Do 

Average  compression,  18.7  millimeters  (0.74  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1911). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Feb.  27 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
232 
226 
230 

Cubic  centi- 
meters. 
169 
163 
167 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  166  cubic  centimeters  (10.13  cubic  inches). 
TROJAN  COAL  POWDER  H. 

Explosive,  Trojan  coal  powder  H. 

Class  3,  organic  nitrate. 

Manufactured  by  the  Pennsylvania  Trojan  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge.  If  inches. 

Length  of  cartridge,  8^  inches. 

Average  weight,  506  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gra\aty  of  cartridge  by  sand,  1.40. 

Color  of  explosive,  white. 

Consistency,  powdered,  very  fine,  very  dry,  very  soft,  not  cohesive. 
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TESTS    OF   PERMISSIBLE    EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  October  18,  1911. 

Unit  swing  on  this  date,  3.30  inches. 

Weight  of  charge,  in  grams,  400,     400,     400. 

Swing,  in  inches,  3.40,     3.33,     3.31. 

Average  swing,  in  inches,  3.35. 

3.35:3.30  :  :  400  :  (394). 
Therefore  the  unit  deflective  charge  of  Trojan  coal  powder  11  is  394  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Oct.  19 

Grams. 
394 
394 
394 
394 
394 
394 
394 
394 
394 
394 

394 
394 
394 

Per  cent. 
8.35 
8.39 
8.40 
8.12 
7.83 
7.91 
7.90 
8.02 
8.35 
8.06 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Nov.  3 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Oct.  24 

Do 

Do 

Do 

Do 

Grams. 
394 
394 
394 
394 
394 
394 
394 

O680 
O680 
0  680 
o  680 
0680 

Percent. 

No  ignition. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Oct.  20 

Do 

Oct.  21 

Test  3. 

Nov.  3 

4.17 
4.34 
4.17 
4.16 
3.90 

No  Ignition. 

Do'. 
Do 

Do 

Do 

Do 

o  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1 J  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Oct.  1 8 

Millimeters. 
15.60 
15.25 
15.12 

Meters. 
44.0 
44.0 
44.0 

Meters. 
2,821 

Do 

2,885 
2,910 

Do 

Average  rate  of  detonation,  2,872  meters  (9,420  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  7 

Millimeters. 
19.50 
18.00 
15.75 

Inches. 
24. 63 
22.74 
19.89 

Millimeters. 
10.25 
9.00 
8.00 

Milliseconds. 
0.513 

Do 

.450 

Do    

.400 

Average  height  of  flame,  22.42  inches. 
Average  duration  of  flame,  0.454  millisecond. 


Date,  February  21,  1912. 


RESULTS    OF    TESTS. 
Impact  Test. 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
20 
10 
15 

IS 
17 

k; 

Explosion. 
No  explosion. 

Do. 
Explosion. 

Do. 

Do. 

Centimeters. 
15 
15 
14 
14 
13 
12 

2 

1 
2 

1 

1 
5 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  12  centimeters 
(4.72  inches). 

Explosion-by-Inpluence  Test. 

Weight  of  each  cartridge,  225  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mar.l8 

Do 

Do 

Inches. 

4 
2 

3 

Did  not  explode. 

Exploded. 

Did  not  explode. 

Mar.  18 

Do 

Inchci. 

3 
3 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.60  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.^ 

Specific 
gravity. 

Pleight  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 

surface. 

Average 

pressure 

per  square 

centimeter. 

Feb.  29 

207.2 
207.2 
207.2 
207.2 
207.2 
207.2 
207.2 
207.2 
207.2 

Grams. 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 
1.40 

Millimeters. 
23.75 
24.00 
23.00 
22.75 
23.25 
22.25 
21.75 
22.00 
21.75 

Kilograms. 
39.58 
40.00 
38.33 
37.92 
38.75 
37.08 
36.25 
36.67 
36.25 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

\           39. 30 

Mar.  1 

Feb.  29 

Do 

I           37. 92 

Do 

Do 

Do 

Do 

I           36.39 

a  Including  7.2  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=42.72  kilograms  per  square  centimeter. 

V=15, 000  cubic  centimeters.        S=1.40.        W=207.2  grams. 

VPS 
M=—— -=4,330  kilograms  per  square  centimeter  (61,590  pounds  per  square  inch). 
W 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  7  Grams  op 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  November  24,  1911.  Grams. 

SoUd 93.9 

Liquid  (water) .- 9.  4 

Gaseous 92.  S 


240  TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  103.6  grams. a 


\ 


Date  (1912). 

Weight 
of  water. 

Rise  in 

tempera- 
ture. 

Heat  devel- 
oped per 

kilogram. 

Feb.l3 

Kilograms. 
81.95 
81.95 
81. 95 

0.768 
.734 
.749 

Calorics. 

684.8 

Do 

654.  1 

Do 

667.7 

a  Including  3.6  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  668.9. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
e.xplosion. 

After 
explosion. 

Compression. 

Mar.  27 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
47.50 
48.00 
48.25 

Millimeters. 
16.00 

Do 

15.50 

Do 

15.25 

Average  compression,  15.6  millimeters  (0.61  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912.) 

Volume  of  bore  hole. 

Expansion 

Tempera- 

Before 
shot. 

After 
shot. 

of  bore 
hole. 

ture  of 
blocl£. 

Feb.  21 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
170 
168 
170 

Cubic  centi- 
meters. 
108 
106 
108 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  107  cubic  centimeters  (6.53  cubic  inches). 
TROJAN  COAL  POWDER  I. 

Explosive,  Trojan  coal  powder  I. 

Class  3,  organic  nitrate. 

Manufactured  by  the  Pennsylvania  Trojan  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  If  inches. 

Length  of  cartridge,  8|  inches. 

Average  weight,  501  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gra^dty  of  cartridge  by  sand,  1.38. 

Color  of  explosive,  white. 

Consistency,  powdered;  very  fine,  very  drj-,  very  soft,  not  cohesive. 
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Unit  deflective  charge  as  determined  by  the  ballistic  pendulum : 
Date,  October  18,  1911. 
Unit  swing  used  on  this  date,  3.30  inches. 
Weight  of  charge,  in  grams,  400,     400,     400. 
Swing,  in  inches,  3.22,     3.24,     3.20. 
Average  swing,  in  inches,  3.22. 

3.22: 3.30::  400:  (410). 
Therefore  the  unit  deflective  charge  of  the  Trojan  coal  powder  I  is  410  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Oct.  21 

Grams. 
410 
410 
410 
410 
410 
410 
410 
410 
410 
410 

410 
410 
410 

Percent. 
8.31 
8.33 
7.99 
7.9G 
7.88 
8.01 
8.16 
8.15 
7.95 
7.98 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Nov.3 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Oct.  24 

Do 

Do 

Oct.  25 

Do 

Grams. 
410 
410 
410 
410 
410 
410 
410 

O680 
oGSO 
a  680 
afiSO 
o680 

Per  cent. 

No  Ignition. 

Do 

Do 

Do. 

Do 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Oct.  23 

Do 

Do 

Test  3. 

Nov.  2 

4.01 
4.35 
4.14 
4.22 
4.08 

No  ignition. 

Do! 
Do 

Do 

Do 

Do 

o680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

sparli  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Oct.  19.    ..             

Millimeters. 
15.20 
14.80 
15.00 

Meters. 
44.0 
44.0 
44.0 

Meters. 

2,895 

Do 

2,973 

Oct.  20 

2,933 

Average  rate  of  detonation,  2,934  meters  (9,620  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  7 

Millimeters. 
17.00 
18.00 
16.50 

Inches. 
21.47 
22.74 
20.84 

Millimeters. 

8.00 
8. 00 
9.00 

Milliseconds. 
0.400 

Do 

.400 

Do 

.450 

Average  height  of  flame,  21.68  inches. 
Average  duration  of  flame,  0.417  millisecond. 
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Date,  February  21,  1912. 


TESTS    OF    PERMISSIBLE    EXPLOSIVES. 
Impact  Test. 


Distance  of 
faU. 

Number  of 
trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

Centimeters. 
12 
15 
18 
22 

1 
1 
1 

1 

No  explosion. 

Do. 

Do. 
Explosion. 

Centimeters. 
21 
21 
20 

2 

i 

5 

No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  20  centimeters 
(7.87  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  222  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mar.  6 

Do 

Do 

Inches. 

3 
2 

3 

Did  not  explode. 
Exploded. 
Do. 

Mar.6 

Mar.  7 

Do 

Inches. 

4 

4 
4 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  O.GO  milUmeter=l  kilogram  per  square  centimeter. 


Date  (1912). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressiu-e 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Mar.  1 

Grams. 
208 
208 
208 
208 
208 
208 
208 
208 
208 

1.38 
1.38 
1.38 
1.38 
1.38 
1.38 
1.38 
1.38 
1.38 

Millimeters. 
26.50 
26.50 
26.50 
23.75 
23.75 
23.25 
23.00 
22.50 
22.00 

Kilograms. 
44.17 
44.17 
44.17 
39.58 
39.58 
38.75 
38.33 
37.50 
36.67 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

\           44. 17 

Do 

Do 

Do 

[           39. 30 

Mar.  2 

Do 

Mar.  4 

I           37.50 

Do 

a  Including  8  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=51.15  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.38.        W=208  grams. 

VPS 
M=-vy^ =5,090  kilograms  per  square  centimeter  (72,400  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  8  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  December  5,  1911. 
SoUd 


Grams. 

84. 8 

Liquid  (water) 10.  8 

Gaseous 92. 1 


RESULTS   OF    TESTS.  243 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  104.0  grams.o 


Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Feb.  17 

Kilograms. 
81.95 
81.95 
81.95 

°C. 
0.873 
.882 
.916 

Calories. 

Do 

784  7 

Feb.  19 

815  3 

a  Including  4  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  792.2. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  27 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
48.75 
49.25 
49.25 

Millimeters. 
14  75 

Do 

14  25 

Do 

14  25 

Average  compression,  14.4  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  op  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Feb.  21 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
168 
164 
166 

Cubic  centi- 
meters. 
106 
102 
104 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  104  cubic  centimeters  (6.34  cubic  inches). 
TROJAN  COAL  POWDER  J, 

Explosive,  Trojan  coal  powder  J. 

Class  3,  organic  nitrate. 

Manufactured  by  the  Pennsylvania  Trojan  Powder  Co. 

Physical  examination: 

Diameter  of  cartridge,  If  inches. 

Length  of  cartridge,  8\  inches. 

Average  weight,  471  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.29. 

Color  of  explosive,  white. 

Consistency,  powdered,  very  fine,  very  dry,  very  soft,  not  cohesive. 
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TESTS    OF    PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  October  18,  1911. 

Unit  swing  on  this  date,  3.30  inches. 

Weight  of  charge,  in  grams,  350,     350,     350. 

Swing,  in  inches,  3.14,     3.21,     3.28. 

Average  swing,  in  inches,  3.21. 

3.21:  3.30::  350:  (360). 
Therefore  the  unit  deflective  charge  of  Trojan  coal  powder  J  is  360  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1911). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Oct.  23 

Orams. 
SCO 
3f)0 
360 
360 
360 
360 
360 
300 
360 
360 

360 
360 
360 

Percent. 
7.93 
7.99 
8.06 
8.05 
8.14 
8.17 
8.12 
7.80 
7.86 
7.82 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Nov.  2 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Oct.  25 

Do 

Do 

Do 

Do 

Grams. 
360 
360 
360 
360 
360 
360 
360 

a  680 
a  680 
a  680 
a  680 
a  680 

Per  cent. 

No  ignition. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Nov.  2 

3.98 
3.94 
4.18 
3.95 
4.06 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do 

Do 

a  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1|  inches. 
Electric  detonator,  No.  7. 


Date  (1911). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Oct.  20 

Millimeters. 
13.74 
13.40 
13.73 

Meters. 
44.0 
44.0 
44.0 

Meters. 
3,202 
3  284 

Do 

Do 

3,205 

Average  rate  of  detonation,  3,230  meters  (10,590  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1912). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Mar.  7 

Millimeters. 
20.50 
17.00 
22.00 

Inches. 
25.89 
21.47 
27.79 

Millimeters. 
10.50 
8.50 
11.50 

Milliseconds. 
0  525 

Do 

425 

Do 

573 

Average  height  of  flame,  25.05  inches. 
Average  duration  of  flame,  0.508  millisecond. 


Date,  Febniary  23,  1912. 


RESULTS   OF   TESTS. 
Impact  Test. 
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Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

Centimeters. 

20 

Explosion. 

15 

1 

No  explosion. 

15 

No  explosion. 

15 

1 

Explosion. 

18 

Do. 

14 

1 

Do. 

19 

Explosion. 

13 

2 

No  explosion. 

18 

Do. 

13 

1 

Explosion. 

17 

No  explosion. 

12 

1 

Do. 

17 

Explosion. 

11 

5 

No  explosion. 

16 

Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

Explosion-by-Inflxjence  Test. 

Weight  of  each  cartridge,  207  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Mar.  9 

Do 

Do 

Do 

Inches. 

3 
4 
4 
4 

Exploded. 

Did  not  explode. 

Do. 
Exploded. 

Mar.  9 

Mar.  12 

Do 

Inches. 

5 
5 
5 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  5  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.60  millimeter =1  kilogram  per  square  centimeter. 


Date  (1912). 


Charge. a 

Specific 
gravity. 

Grams. 

208 

1.29 

208 

1.29 

208 

1.29 

208 

1.29 

208 

1.29 

208 

1.29 

208 

1.29 

208 

1.29 

208 

1.29 

Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Mar.  6. 

Do. 

Do. 
Mar.  5 . 

Do. 
Mar.  6. 
Mar.  7.. 

Do. 

Do. 


Millimeters. 
30.50 
30.50 
29.00 
26.75 
26.50 
27.75 
27.00 
27.25 
26.75 


Kilograms. 
50.83 
50.83 
48.33 
44.58 
44.17 
46.25 
45.00 
45.42 
44.58 


Kilograms. 
50.00 


45.00 


45.00 


a  Including  8  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=54.56  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=1.29.        W=208  grams. 

VPS 
M=^=r- =5,076  kilograms  per  square  centimeter  (72,200  pounds  per  square  inch). 
W 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  8  Grams  op 
THE  Original  Wrapper. 


Date,  December  6,  1911. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

81.7 

Liquid  (water) 14.5 

Gaseous 97.  1 


246  TESTS   OF   PERMISSIBLE   EXPLOSH^S, 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  104.0  grams." 


Pate  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Feb.  19 

Kilograms. 
81.95 
81.95 
81.95 

0.792 
.804 
.827 

Calorics. 
703.7 

Do 

714.5 

Do 

735.2 

o  Including  4  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  717.8. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
e.xplosion. 

Compression. 

Mar.  27 

^fillim€ters. 
03.50 
63.50 
63.50 

Mllimeters. 
47.50 
48.00 
48.00 

Millimeters. 
16. 00 

Do  

15.50 

Do :.. 

15.50 

Average  compression,  15.7  millimeters  (0.62  inch). 

Expansion"  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1912). 

Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Before 
shot. 

After 
shot. 

trn-eof 
block. 

Feb.  23 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
190 
186 
192 

Cubic  centi- 
meters. 
128 
124 
130 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  127  cubic  centimeters  (7.75  cubic  inches). 

TTJNNELITE  B. 

Explosive,  Turmelite  B. 

Class  la,  ammonium  nitrate,  containing  nitrogljcerin. 
Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 
Physical  examination : 

Diameter  of  cartridge,  1 J  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  164  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.94. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 


RESULTS   OF   TESTS. 


247 


Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  April  15,  1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  charge,  in  grams,  240,     240,     240. 

Swing,  in  inches,  3.23,     3.28,     3.23. 

Average  swing,  in  inches,  3.25. 

3.25  :  3.37  :  :  240  :  (249). 
Therefore  the  unit  deflective  charge  of  Tunnelite  B  is  249  grama. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 


Test  1. 

Apr.  16.... 

Do.... 

Do.... 
Apr.  17 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Do.... 

Test  3. 

Apr.  24 

Do.... 
Do.... 


Weight 

of 
charge. 


Grams. 
249 
249 
249 
249 
249 
249 
249 
249 
249 
249 


249 
249 
249 


Methane 

and 
ethane. 


Per 


cent. 
S.46 
8.37 
8.39 
8.07 
8.22 
8.43 
8.25 
8.10 
S.34 
8.14 


Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 


Date  (1912). 


Test  3— Con 

Apr.  24 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Apr.  23 

Do 

Do 

Do 

Do 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

249 
249 
249 
249 
249 
249 
249 

1080 

4.04 

1680 

4.18 

O680 

4.18 

a  680 

4.17 

a  680 

4.04 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


o  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1|  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

May  2 

Millimeters. 
15.05 
14.45 
14.65 

Meters. 
45.0 
44.5 
45.0 

Meters. 
2,990 

Do          

3,080 

Do 

3,072 

Average  rate  of  detonation,  3,047  meters  (9,990  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Dat«  (1912). 


Sept.  7. 

Sept.  10 

Do. 


Height  of 
photograph 


Millimeters. 
7.50 
6.25 
5.75 


Height  of 
flame. 


Indies. 
9.47 
7.89 
7.26 


Duration 
distance. 


Millimeters. 
2.00 
1.50 
1.00 


Duration  of 
flame. 


Milliseconds. 

0.100 

.075 

.050 


Average  height  of  flame,  8.21  inches. 
Average  duration  of  flame,  0.075  millisecond. 
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Date,  September  6,  1912. 


TESTS    OF    PERMISSIBLE    EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
25 
30 
27 
25 
20 

No  explosion. 
Explosion. 

Do. 

Do. 

Do. 

Ocntimetcrs. 
15 
10 
U 
13 

1 

1 
1 
5 

Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  13  centimeters 
(5.12  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  151  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Sept.  6 

Do 

Do 

Inches. 

3 
2 

1 

Did  not  explode. 

Do. 
Exploded. 

Sept.  6 

Do 

Do 

Inches. 

2 
3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge.a 

Specific 
gravity. 

Grams. 

219 

0.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

219 

.94 

Height  of 
curve. 


Pressure 
per  square 

Cooling 

centimeter. 

Kilograms. 

93.75 

A 

93.75 

A 

96.09 

A 

87.50 

B 

88.28 

B 

89.84 

B 

87.50 

C 

88.28 

C 

86.72 

C 

Average 

pressure 

per  square 

centimeter. 


Aug.  8. 
Do. 
Do. 

Aug.  7. 

Do. 

Do. 
Aug.  6. 
Aug.  7. 

Do. 


Millimeters. 
30.00 
30.00 
30.75 
28.00 
28.25 
28.75 
28.00 
28.25 
27.75 


Kilograms. 
94.53 

88.54 

87.50 


o  Including  19  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.4110=101.45  kilograms  per  square  centimeter. 

V=15,000  cubic  centimeters.        S=0.94.        W=219  grams. 

VPS 
M=-— -  =6,532  kilograms  per  square  centimeter  (92,910  pounds  per  square  inch). 

Products  op  Combustion  from  200  Grams  of  the  Explosive  and  19  Grams  op 

THE  Original  Wrapper. 


Date,  April  29,  1912. 
Solid 


[.\nalyst,  A.  L.  Hyde.] 


Grams. 

24. 6 

Liquid  (water) 63.  0 

Gaseous 126. 1 


EESULTS    OF    TESTS.  249 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Chaise,  109.5  grams. « 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


July  24. 

Do. 

July  25. 


Kilograms. 
81.95 
81.95 
81.95 


1.100 
1.108 
1.120 


Calories. 
931.4 
938.3 
948.5 


a  Including  9.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  939.4. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
e.xplosion. 

After 
e.xplosion. 

Compression. 

Sept.  24 

Millimeters. 
63.25 
63.25 
63.25 

Millimeters. 
49.75 
49.75 
50.00 

Millimeters. 
13.50 

Do..    ..             

13.50 

Do 

13.25 

Average  compression,  13.4  millimeters  (0.53  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


\'olume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Sept.  21 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
306 
305 
312 

Cubic  centi- 
meters. 
244 
243 
250 

16 

Do 

16 

Do 

16 

Average  expansion  of  bore  hole,  246  cubic  centimeters  (15.01  cubic  inches). 

TUNNELITE  C. 

Explosive,  Tunnelite  C. 

Class  la,  ammonium  nitrate,  containing  nitroglycerin. 
Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 
Physical  examination: 

Diameter  of  cartridge,  1|  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  178  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.02. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Unit  deflective  chai-ge  us  determined  by  the  ballistic  pendulum: 

Date,  April  15,  1912. 

Unit  swing  on  this  date,  3.37  inches. 

Weight  of  charge,  in  grams,  250,     250,     250. 

Swing,  in  inches,  3.25,     3.40,     3.24. 

Average  swing,  in  inches,  3.30. 

3.30  :  3.37  :  :  250  :  (255). 
Therefore  the  unit  deflective  charge  of  Tunnelite  C  is  255  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Apr.  17 

Grams. 
255 
255 
255 
255 
255 
255 
255 
255 
255 
255 

255 
255 
255 

Pfr  cent. 
8.07 
7.87 
7.77 
7.87 
8.51 
7.97 
7.97 
8.33 
8.36 
8.09 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Apr.24 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Apr.23 

Do 

Do 

Do 

Do 

Grams. 
255 
255 
255 
255 
255 
255 
255 

a  680 
a  680 
a  680 
a  680 
1680 

Per  cent. 

No  ignition. 

^Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Apr.  18 

Do 

Test  3. 

Apr.24 

Do 

4.06 
4.17 
4.20 
4.19 
4.22 

No  imition. 

Do! 
Do. 

Do. 

Do 

o  680  grams  or  more  was  used. 


Rate  op  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1912). 


May  2. 

Mays. 

Do 


Distance 

between 

spark  points. 


Millimeters. 
14.80 
14.35 
14.20 


Peripheral 

speed  of  drum 

per  second. 


Meters. 
45.0 
44.5 
43.5 


Rate  of 
detonation 
per  second. 


Meters. 
3,041 
3,101 
3,063 


Average  rate  of  detonation,  3,068  meters  (10,060  feet)  per  second. 

Impact  Test. 
Date,  August  19,  1912. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
faU. 

Number  of 
trials. 

Result. 

Centimeters. 
40 
50 
60 
70 

1 
1 
1 

1 

No  explosion. 

Do. 

Do. 
Explosion. 

Centimeters. 
65 
62 
64 

1 
1 

5 

E.xplosion. 
No  explosion. 
Do. 

The  maximum  height  at  which  no  explosion  occurs  established  at  64  centimeters 
(25.2  inches). 


RESULTS   OF    TESTS. 
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Explosion-by-Influence  TesI". 
Weight  of  each  cartridge,  164  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Distance 

Date  (1912).       separating 

cartridges. 

Result,  upper 
cartridge. 

Sept.  7 

Do 

Do 

Inches. 

3 
2 
1 

Did  not  explode. 

Do. 
Exploded. 

Sept.  7 

Do 

Do 

Inches. 

2 
3 
3 

Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established' at  3  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1912). 


Charge.a 

Specific 
gravity. 

Grams. 

218 

1.02 

218 

1.02 

218 

1.02 

218 

1.02 

218 

1.02 

218 

1.02 

218 

1.02 

218 

1.02 

218 

1.02 

Height  of 
curve. 


Pressure 
per  square 
centimeter. 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Aug.  19. 

Do.. 

Do.. 
Aug.  22. 

Do.. 

Do.. 
Aug.  21 . 

Do.. 

Do.. 


Millimeters. 
30.25 
30.75 
31.75 
28.00 
28.00 
28.00 
27.50 
27.75 
27.25 


Kilograms. 
94.53 
96.09 
99.22 
87.50 
87.50 
87.50 
85.94 
86.72 
85.16 


Kilograms. 
I  96. 61 


87.50 


85.94 


a  Including  18  grams  of  the  original  wrapper. 

P=1.911A+0.5B  — 1.411C=107.11  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.02.        W=218  grams. 

VPS 

M=^rj3-  =7,517  kilograms  per  square  centimeter  (106,920  pounds  per  square  inch). 

Products  of  Combustion  From  200  Grams  of  the  Explosive  and  19  Grams  of 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.) 


Date,  April  30,  1912. 
Solid 


(Jrams. 

24.  7 

Liquid  (water) 61.  5 

Gaseous 125.  2 

Large  Calories  Developed  by  1  Kilogram  ok  the  Explosive. 

Charge,  109.0  grams." 


Date  (1912). 

Weight 
of  water. 

U  ise  in 
tempera- 
ture. 

Heal  dovol- 
oped  per 
kilogram. 

July  25 

Kilograms. 
81.95 
81.95 
81.95 

'C. 
1.139 
1.100 
1.100 

Cnloric-1. 
969. 2 

Do                                                                               

935.7 

Do                                                                  

935.  7 

"  Including  9  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive,  946.9. 
91853°— Bull.  66—13 17 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Compression  of  Small  Lead  Blocks. 


Charge,  100  grams. 


Date  (1912). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Millimeters. 
a3.25 
63.25 
63.50 

Millimeters. 
48.75 
48.50 
49.25 

Millimeters. 
14.50 

Aug.  15                            

14.75 

Do 

14.25 

Average  compression,  14.5  millimeters  (0.57  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1912). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Sept.  27 

Cubic  centi- 
meters. 
62 
62 
62 

Cubic  centi- 
meters. 
270 
272 
277 

Ciibic  centi- 
meters. 
208 
210 
215 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  211  cubic  centimeters  (12.87  cubic  inches). 
TUNNELITE  NO.  5. 

Explosive,  Tunnelite  No.  5. 

Class  4,  nitroglycerin. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination : 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  220  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.06. 

Color  of  explosive,  ecru  with  green  spots. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  27,  1909. 

Unit  swing  on  this  date,  2.61  inches. 

Weight  of  charge,  in  grams,  315,     315,     315. 

Swing,  in  inches,  2.55,     2.54,     2.45. 

Average  swing,  in  inches,  2.51. 

2.51  :2.61  :  :  315  :  (328). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  5  is  328  grams. 


RESULTS   OF   TESTS. 
Gas  and  Dust  Gallery  No.  1. 
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Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Aug.  31 

Grams. 
328 
328 
328 
328 
328 
328 
328 
328 
328 
328 

328 
328 
328 

Per  cent. 
8.21 
8.41 
8.51 
8.60 
8.16 
8.45 
8.50 
8.45 
8.45 
8.33 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Sept.  1 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  13 

Do 

Do 

Do 

Do 

Grams. 
328 
328 
328 
328 
328 
328 
328 

0  680 
"680 
a  680 
«680 
a  680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Sept.  2 

Test  3. 

Aug.  31 

Sept.  1 

Do 

4.35 
4.16 
4.16 
3.92 
4.00 

No  ignition. 
Do. 
Do. 
Do 

Do 

o  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator.  No.  7. 


Date  (1909-10). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Aug.  27 

Millimeters. 
16.90 
16.60 
16.85 

Meters. 
43.0 
43.0 
43.0 

Meters. 
2,544 

Aug.  28 

2,590 
2,552 

June  2 

Average  rate  of  detonation,  2,562  meters  (8,400  feet)  per  second. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  12 

Millimeters. 
19.  .50 
11.25 
16.50 

Inches. 
24.63 
14.21 
20.84 

Millimeters. 
8.50 
6.50 
7.75 

Milliseconds. 
0.  425 

Do.. 

.325 

Do 

.  IWS 

Average  height  of  flame,  19.89  inches. 
Average  duration  of  flame,  0.379  millisecond. 
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Date,  May  5,  1910. 


TESTS   OF   PEKMISSIBLE   EXPLOSIVES. 
Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of       Number  of 
fall.                 trials. 

Result. 

Centimeters. 
14 
18 
16 
15 
14 
14 

1 

1 
1 
1 
3 

1 

No  explosion 
Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 

Centimeters. 
13 
12 
12 
11 
10 

1 
1 

1 
1 
5 

Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  10  centimeters 
(3.94  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  180  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Inches. 

Inches. 

Dec.  3 

10 

Exploded. 

Dec.  4 

16 

Did  not  explode. 

Dec.  4 

12 

Do. 

Do 

16 

Exploded. 

Do 

14 

Did  not  explode. 

Do 

17 

Did  not  explode. 

Do 

13 

Exploded. 

Do 

17 

Exploded. 
Dicf  not  explode. 

Do 

14 

Do. 

Do 

18 

Do 

15 

Did  not  explode. 

Do 

18 

Exploded. 

Do 

15 

Do. 

Do 

19 

Did  not  explode. 

Do 

15 

Exploded. 

Do 

19 

Do. 

Do 

16 

Did  not  explode. 

Do 

19 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  19  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Jan.  31             

Grams. 
213 
213 
213 
213 
213 
213 
213 
213 
213 

1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 
1.12 

Millimeters. 
19.75 
20.00 
20.00 
20.00 
19.75 
19.25 
18.50 
18.00 
18.25 

Kilograms. 
61.72 
62.50 
62.50 
62.50 
61.72 
60.16 
57.81 
56.25 
57.03 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 
1 

Do 

\           62. 24 

Do               

1 

Do           

) 

Do  

\           61. 46 

Feb.  13 

1 

Jan.  31 

Do                    

\           57. 03 

Do                  

1 

1  Including  13  grams  of  the  original  wrapper. 

P  =1.911A+0.5B  — 1.4110=69.20  kilograms  per  square  centimeter. 

V  =15,000  cubic  centimeters.        S=1.12.        W=213  grams. 

VPS 
M=-^rp=5,458  kilograms  per  square  centimeter  (77,630  pounds  per  square  inch). 


RESULTS   OF   TESTS. 
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Products  of  Combustion  from  200  Grams  of  the  Explosive  and  13  Grams  ol'' 

THE  Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  June  15,  1910. 
Solid 


Grams. 
.     82.9 


Liquid  (water) 12. 1 

Gaseous ; 113.  g 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106.5  grams. o 


Date  (1912). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Dec.  12 

Kilograms. 
81.95 
81.95 
81.95 

"C. 
0.786 
.771 
.791 

Calories. 
682  0 

Do 

668  8 

Do 

686  4 

a  Including  6.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  679.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

June  2 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
54.25 
54.00 
54.25 

Millimeters. 
9.25 

Do 

9  50 

Do 

9.25 

Average  compression,  9.3  millimeters  (0.37  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


\'olume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

May  26 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
183 
186 
188 

Cubic  centi- 
meters. 
120 
123 
125 

'C. 

15 

"Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  123  cubic  centimeters  (7.50  cubic  inches). 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


TUNNELITE  NO.  6. 

Explosive,  Tunnelite  No.  6. 

Class  4,  nitroglycerin. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  202  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.97. 

Color  of  explosive,  Nile  green. 

Consistency,  granular,  fine,  dry,  soft,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  balli.=!tic  pendulum: 

Date,  August  27,  1909. 

Unit  swing  on  this  date,  2.61  inches. 

Weight  of  charge,  in  grams,  305,     305,     305. 

Swing,  in  inches,  2.57,     2.58,     2.67. 

Average  swing,  in  inches,  2.61. 

2.61:  2.61::  305:  (305). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  6  is  305  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 


Test  1. 

Sept.  2 

Do.... 
Do.... 
Do.... 
Do.... 
Do.... 
Do... 
Do.... 
Do.... 
Do.... 

Test  3. 

Sept.  2 

Do.... 
Sept.  3.... 


Weight 

of 
charge. 


Grams. 
305 
305 
305 
305 
305 
305 
305 
305 
305 
305 


305 
305 
305 


Methane 

and 
ethane. 


Result. 


Per  cent. 
7.93 
8.30 
8.04 
8.20 
8.21 
8.30 
8.28 
8.33 
8.06 
8.21 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  Ignition. 
Do! 


Date  (1909). 


Test  3— Con 

Sept.  3 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Sept.  1 

Do 

Do 

Do 

Do 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

305 
305 
305 
305 
305 
305 
305 

0  680 

4.20 

a6S0 

4.53 

a  680 

4.32 

O680 

4.26 

a  680 

4.37 

Result. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 


No  ignition. 
Do. 
Do. 
Do. 
Do. 


o  680  grams  or  more  was  used. 

Rate  of  Detonation. 


Diameter  of  cartridge,  l\  inches. 
Electric  detonator.  No.  7. 


Date  (1909). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

June  6 

Millimeters. 
14.46 
14.78 
14.54 

Meters. 
43.0 
43.0 
43.0 

Meters. 
2,974 
2,909 

June  7 

Do 

2,957 

Average  rate  of  detonation,  2,947  meters  (9,670  feet)  per  second. 


RESULTS   OF    TESTS. 
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Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  12 

Millimeters. 
25.00 
18.00 
20.00 

Inches. 
31.58 
22.74 
25.26 

Millimeters. 
12.00 
8.50 
8.50 

Milliseconds. 
0  600 

%o::....: ::.::::■ 

425 

Do 

425 

Average  height  of  flame,  26.53  inches. 
Average  duration  of  flame,  0.483  millisecond. 


Date,  May  6,  1910. 


Impact  Test. 


Distance  of 
fail. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
12 
14 
16 
15 

1 

1 
1 
1 

No  explosion. 

Do. 
Explosion. 

Do. 

Centimeters. 
14 
13 
12 
11 

1 
1 
1 
5 

Explosion. 

Do. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

Explosio\'-by-Influence  Test. 

Weight  of  each  cartridge,  167  grams. 


Date  (1912). 

Distance 

separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  3 

Do 

Do 

Do 

Do 

Inches. 

5 

9 
12 
14 
13 

Exploded. 

Do. 

Do. 
Did  not  explode. 

Do. 

Dec.  3 

Do 

Do 

Do 

Do 

Inches. 

13 
14 
15 
15 
15 

Exploded. 

Do. 
Did  not  explode. 

Do. 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  15  inches. 

Theoretical  Maximum  Pressure  Developed  ix  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 


Jan. 31 

Grams. 
213 

Do 

213 

Feb.  1 

213 

Do 

213 

Do 

213 

Do 

213 

Feb.  3 

213 

Do 

213 

Do 

213 

Charge,  a 


Specific 
gravity. 


1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 
1.04 


Height  of 
curve. 


Millimeters. 
21.75 
2L75 
21.00 
20.50 
20.75 
20.25 
19.75 
20.00 
20.00 


Pressure 
per  square 
centimeter. 


Kilograms. 

67. 97' 
67.97 
65.62 
64.06 
64.84 
63.28 
61.72 
62.50 
62.50 


Cooling 
surface. 


Average 

pressure 

per  square 

centimeter. 


Kilograms. 
67.19 

64.06 

62.24 


a  Including  13  grams  of  the  original  wrapper. 


258 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


P  =1.911A4-0.5B  — 1.4110=72.61  kilograms  per  square  centimeter. 
V  =15,000  cubic  centimeters.         S  =  1.04.         W=2 13  grams. 
VPS 


M 


W 


=5,318  kilograms  per  square  centimeter  (75,640  pounds  per  square  inch). 


Products  of  Combustion  from  200  Grams  of  the  Explosive  and  14  Grams  of 

THE   Original  Wrapper. 


[Analyst,  A.  L.  Hyde.] 


Date,  June  18,  1910. 
Solid 


Grants. 

67.  1 

Liquid  (water) 14.  4 

Gaseous 122.  4 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  106.5  grams.*^ 


Date  (1912). 


Weight 
of  water. 


Rise  in 
tempera- 
ture. 


Heat  devel- 
oped per 
kilogram. 


Dec.  13. 

Do. 

Dec.  16. 


Kilograms. 
81.95 
81.95 
81.95 


0.794 
.776 
.773 


Calories. 
689.0 
673.2 
670.6 


o  Including  6.5  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  677.6. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Height. 

Date  (1910). 

Before 
explosion. 

After 
explosion. 

Compression. 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
52.25 
51.75 
51.50 

Millimeters. 
11.25 

Do 

11.75 

Do                 

12.00 

Average  compression,  11.7  millimeters  (0.46  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Date  (1910). 

^ 

Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Before 
shot. 

After 
shot. 

ture  of 
block. 

May  26 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
222 
218 
213 

Cubic  centi- 
meters. 
159 
155 
150 

"C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  155  cubic  centimeters  (9.46  cubic  inches). 


RESULTS   OP   TESTS. 


259 


TUNNELITE  NO.  6-L.  F. 

Explosive,  Tuuuelite  No.  6-L.  F. 

Class  4,  nitroglycerin. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination : 

Diameter  of  cartridge,  If  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  214  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.02. 

Color  of  explosive,  ecru  with  green  spots. 

Consistency,  fibrous,  coarse,  dry,  hard,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  13,  1909. 

Unit  swing  on  this  date,  3.14  inches. 

Weight  of  charge,  in  grams,  305,     305,     305. 

Swing,  in  inches,  3.23,     3.18,     3.13. 

Average  swing,  in  inches,  3.18. 

3.18  :  3.14  :  :  305  :  (301). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  6-L.  F.  is  301  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date(190»-10). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Dee.  21 

Grams. 
301 
301 
301 
301 
301 
301 
301 
301 
301 
301 

301 
301 
301 

Per  cent. 

7.78 
7.81 
7.81 
8.16 
8.16 
7.98 
8.16 
8.16 
8.16 
8.07 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Jan.  26 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Jan.  20 

Do 

Jan. 21 

Do 

Do 

Grams. 
301 
301 
301 
301 
301 
301 
301 

a  680 
O680 
<J680 
O680 
o680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Dec.  22      .   . 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Jan. 26 

3.98 
4.09 
4.14 
3.90 
3.90 

No  ignition. 

Do. 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  op  Detonation. 


Diameter  of  cartridge,  1^  inches. 
Electric  detonator.  No.  7. 


Date  (1909). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Dec.  15 

Millimeters. 
14.92 
14.22 
14.86 

Meters. 
43.0 
43.0 
43.0 

Meters. 
2,882 

Dec.  17 

3,024 

Do 

2,894 

Average  rate  of  detonation,  2,933  meters  (9,620  feet)  per  second. 


260  TESTS   OF    PERMISSIBLE   EXPLOSIVES. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration  i  Duration  of 
distance.          flame. 

Sept.  24 

Millimeters. 
13.75 

Inches. 
17.37 
15.79 
21.16 

Millimeters. 
6.00 
5.50 
8.25 

Milliseconds. 
0.300 

Do 

Do 

12.50 
16.75 

.275 
.412 

Average  height  of  flame,  18.11  inches. 
Average  duration  of  flame.  0.329  millisecond. 


Impact  Test. 


Date,  June  29,  1910. 


Distance  of 
fall. 

Number  of 

trials. 

Result. 

Distance  of 

fall. 

Number  of 
trials. 

Result. 

Centimeters. 
18 
20 
24 

28 

1 
1 
1 
1 

No  explosion. 

Do. 

Do. 
Explosion. 

Centimeters. 
27 
?6 
25 

1 
1 
5 

Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  25  centimeters 
(9.84  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  166  grams. 


Distance 

Date  (1910).      separating 

cartridges. 

Result,  upper 
cartridge. 

Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Nov.19 

Do 

Do 

Inches. 

6 
4 
3 

Did  not  explode. 

Do. 
Exploded. 

Nov.  19 

Do 

Inches. 

4 
4 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  4  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.4  millimeter =1  kilogram  per  square  centimeter. 


Date  (1910). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pre.ssure 

per  square 

centimeter. 

June  27               

Grams. 
218 
218 
218 
218 
218 
218 
218 
218 
218 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
L02 
1.02 

Millimeters. 
26.75 
26.00 
26.25 
24.75 
24.50 
24.50 
23.75 
24.25 
24.25 

Kilograms. 

66.88 
65.00 
65.62 
61.88 
61.25 
61.25 
59.38 
60.62 
60.62 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

\           65.83 

Do 

Oct.  4 

1 

Do    

[           61. 46 

Do 

Do 

Do 

Do 

i           60.21 

« Including  18  grams  of  the  original  wrapper. 
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P=1.911A4-0.5B  — 1.4110  =  71.57  kilograms  per  square  centimeter. 
V= 15,000  cubic  centimeters.        S=1.02.        W=218  grams. 


M= 


W 


=5,023  kilograms  per  square  centimeter  (71,450  pounds  per  square  inch). 


Products  of  Combustion  from  200  Grams  of  the  Explosive  and  18  Grams  of 

THE  Original  Wrapper. 


Date,  July  1,  1910. 
Solid 


[Analyst,  A.  L.  Hyde.] 


Grams. 

C5. 0 

Liquid  (water) 12.  0 

Gasecus 132.  7 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  110.0  grams.« 


Date  (1910). 


Aug.  23. 

Aug.  24. 

Do. 


M^eight 
of  water. 


Kilograms. 
80.95 
80.95 
80.95 


Rise  in 
tempera- 
ture. 


0.759 
.746 
.736 


Heat  devel- 
oped per 
kilogram. 


Calories. 
630.5 
619.5 
611.1 


a  Including  10  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  620.4. 

Compression  op  Small  Lead  Blocks. 
Charge,  100  grams. 


Date  (1910). 

Height. 

Before 
explosion. 

After 
explosion. 

Compression. 

Mar.  12 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
52.  75 
52.75 
53.50 

Millimeters. 
10.75 

Do 

10.75 

Do 

10.00 

Average  compression,  10.5  millimeters  (0.41  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 

of  bore 

hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Oct.  19 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
214 
210 
214 

Cubic  centi- 
meters. 
151 
147 
151 

°C. 

15 

Do 

15 

Do 

15 

Average  expansion  of  bore  hole,  150  cubic  centimeters  (9.15  cubic  inches). 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


TUNNELITE  NO.  7. 

Ex])l<>sivc,  Ttiunelite  No.  7. 

( 'lass  4,  nitroglycerin. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination: 

Diameter  of  cartridge,  IJ  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  200  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.98. 

Color  of  explosive,  ecru  with  green  spots. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  17,  1909. 

Unit  swing  on  this  date,  2.75  inches. 

Weight  of  charge,  in  grams,  305,     305,     305. 

Swing,  in  inches,  2.64,     2.68,     2.77. 

Average  swing,  in  inches,  2.70. 

2.70  :  2.75  : :  305  :  (311). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  7  is  311  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Aug.  20 

Grams. 
311 
311 
311 
311 
311 
311 
311 
311 
311 
311 

311 
311 
311 

Per  cent. 
8.45 
8.62 
8.62 
8.62 
7.97 
8.32 
8.34 
8.20 
8.19 
8.40 

No  ignition. 

Do! 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do! 

Test  3— Con. 

Aug.  25 

Do 

Do 

Aug.  26 

Do 

Do 

Do 

Test  4. 

Aug.  16 

Do 

Do 

Do 

Do 

Grams. 
311 
311 
311 
311 
311 
311 
311 

a  680 
0  680 
a  680 
0  680 
a  680 

Per  cent. 

No  ignition. 
Do. 

Do 

Do 

Do. 

Do 

Do. 

Aug.  23 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Aug.  25 

4.22 
4.22 
4.22 
4.14 
4. 22 

No  ignition. 

Do! 
Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonation. 


Diameter  of  cartridge,  IJ  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 

Distance 

between 

sparlc  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Jime  4 

Millimeters. 
16.18 
16.17 
16.16 

Meters. 
43.0 
43.0 
43.0 

Meters. 
2,658 
2,659 
2,661 

Do .          . 

Do 

Average  rate  of  detonation,  2,659  meters  (8,720  feet)  per  second. 


BESULTS   OF    TESTS. 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 
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Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  12 

Millimeters. 
20.50 
18.75 
18.75 

Inches. 
25.89 
23.68 
23.68 

Millimeters. 

10.00 

8.00 

7.75 

Milliseconds. 

0.500 

.400 

.388 

Do 

Do 

Average  height  of  flame,  24.42  inches. 
Average  duration  of  flame,  0.429  millisecond. 


Date,  May  5,  1910. 


Impact  Test. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
14 
16 
15 
14 
14 

No  explosion. 
Explosion. 

Do. 
No  explosion. 
Explosion. 

Centimeters. 
13 
13 
12 
12 
11 

3 

1 
2 
1 
5 

No  explosion. 
Explosion. 
No  explosion. 
Explosion. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  11  centimeters 
(4.33  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  164  grams. 


Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  4 

Do 

Dec.  5 

Do 

Do 

Do 

Do 

Inches. 

14 
12 
10 
11 
12 
13 
14 

Did  not  explode. 

Do. 
Exploded. 

Do. 

Do. 

Do. 

Do. 

Dec.  5 

Do 

Do 

Do 

Do 

Do 

Inches. 

15 
15 
16 

1? 

17 

Did  not  explode. 
Exploded. 

Do. 
Did  not  explode. 

Do 

Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  17  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=  1  kilogram  per  square  centimeter. 


Date  (1913). 

Charge.  1 

Spet^iflc 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Feb.  4 

Grams. 
211 
211 
211 
211 
211 
211 
211 
211 
211 

1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 
1.02 

Millimeters. 
20.50 
20.25 
19.50 
19.50 
19.50 
19.25 
18.00 
18.25 
18.  75 

Kilograms. 
64.06 
63.28 
60.94 
60.94 
60.94 
60.16 
56.25 
57.03 
58.59 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

62.  76 

Do 

Feb.  3 

Do 

60. 68 

Do 

Do 

Do 

57.29 

Do 

a  Including  11  grams  of  the  original  wrapper. 


264 


TESTS   OF   PERMISSIBLE  EXPLOSIVES, 


P=1.911A+0.5B  — L411C=69.44  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.        S=1.02.        W=211  grams. 

VPS 

M=         =5,035  kilograms  per  square  centimeter  (71,610  pounds  per  square  inch). 

Products  of  Combustion  from  200  Gr.\ms  of  the  Explosive  .\nd  11  Gr.\ms  of 

THE  Origin.\l  Wrapper. 


(Analyst,  A.  L.  Hyde.] 


Date,  December  12,  1912. 
Solid 


Grams. 

52.0 

Liquid  (water) 10. 0 

Graseous 123. 8 

Large  Calories  Developed  by  1  Kilogra.m  of  the  E.xplosive. 

Charge,  105.5  grams. <* 


Date  (1913). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Jan.  10 

Kilograms. 
SI.  95 
81.95 
81.95 

"C. 
0.697 
.714 
.722 

Calories. 
609.6 

Do                                        

624.6 

Jan  11                              

631.8 

o  Including  5.5  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosive.  622.0. 

Compression  of  Small  Lead  Blocks. 
Charge.  100  grams. 


Height. 

Date  (1910). 

Before 
explosion. 

After 
explosion. 

Compression. 

June  2      

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
53.50 
53.00 
51.  75 

Millimeters. 
10.00 

Do 

10.50 

Do 

11.75 

Average  compression.  10.8  millimeters  (0.43  inch). 

Expansion  op  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date (1910) 

Before 
shot. 

After 
shot. 

ture  of 
block. 

May  26 

Do 

Do 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
212 
209 
208 

Cubic  cent  i- 

metrra. 

149 

146 

145 

'C. 

15 
15 
15 

Average  expansion  of  bore  hole,  147  cubic  centimeters  (8.97  cubic  inches). 


RESULTS   OF   TESTS. 
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TUNNELITE  NO.  8. 

Explosive,  Tunnelite  No.  8. 

Class  4,  nitroglycerin. 

Manufactured  by  the  G.  R.  McAbee  Powder  &  Oil  Co. 

Physical  examination: 

Diameter  of  cartridge,  1^  inches. 

Length  of  cartridge,  8  inches. 

Average  weight,  209  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  LOO. 

Color  of  explosive,  ecru  with  green  spots. 

Consistency,  granular,  fine,  dry,  soft,  slightly  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  August  17,  1909. 

Unit  swing  on  this  date,  2.75  inches. 

Weight  of  charge,  grams,  310,     310,     310. 

Swing,  in  inches,  2.60,     2.62,     2.67. 

Average  swing,  in  inches,  2.63. 

2.63: 2.75::  310:  (324). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  8  is  324  grams. 

Gas  and  Dust  Gallery  No.  1. 


Date  (1909). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1909). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Test  1. 
Aug.  23 

Grams. 
324 
324 
324 
324 
324 
324 
324 
324 
324 
324 

324 
324 
324 

Per  cent. 
8.29 

8.37 
8.59 
8.36 
8.54 
8.02 
8.40 
8.26 
8.20 
8.56 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

No  ignition. 
Do. 
Do. 

Test  3— Con. 

Aug.  24 

Do 

Do 

Do 

Do 

Do 

Do 

Test  4. 

Aug.  13 

Aug.  14 

Do 

Do 

Do 

Orams. 
324 
324 
324 
324 
324 
324 
324 

0  680 
O680 
1680 
a  680 
o680 

Per  cent. 

No  ignition. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Do 

Do. 

Aug.  24 

Do. 

Do 

Do. 

Do 

Do 

Do 

Test  3. 

Aug.  24 

4.16 
4.25 
4.25 
4.16 
4.25 

No  ignition. 
Do. 
Do. 
Do. 

Do 

Do. 

Do  .. 

o  680  grams  or  more  was  used. 


Rate  of  Detonation. 


Diameter  of  cartridge,  1\  inches. 
Electric  detonator,  No.  7. 


Date  (1910). 

Distance 

between 

spark  pointa 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

June  6 ....          .     .             

Millimeters. 
17.23 
18.05 
17.49 

Meters. 
43.0 
43.0 
43.0 

Meters. 

2,496 

Do 

2.382 

Do 

2,459 

Average  rate  of  detonation,  2,446  meters  (8,020  feet)  per  second. 
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Flame  Test. 
Peripheral  speed  of  tilm,  20  meters  per  second. 


Date  (1910). 

Height  of 
photograph. 

Height  of 
flame. 

Duration 
distance. 

Duration  of 
flame. 

Apr.  12 

Millimeters. 
16.00 
15.50 
21.75 

Inches. 
20.21 
19.58 
27.47 

Millimeters. 
9.75 
6.50 
11.75 

Milliseconds. 
0.  488 

^Do : 

.325 

Do 

.588 

Average  height  of  flame,  22.42  inches. 
Average  duration  of  flame,  0.467  millisecond. 


Impact  Test. 


Date,  May  6,  1910. 


Distance  of 
fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 
12 
14 
13 
12 
11 

1 
1 
1 
1 
2 

No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 

Centimeters. 
11 
10 
10 

9 

s 

1 

1 
1 
1 
5 

Explosion. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  8  centimeters 
(3.15  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  172  grams. 


Date  (1912). 

semS.             Result,  upper 
ca?fddgef    1            -^-^tridge. 

Date  (1912). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Dec.  5 

Do 

Do 

Inches. 

15 

17 
18 

Exploded. 

Do. 
Did  not  explode. 

Dec. 5 

Do 

Inches. 

18 
18 

Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  18  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  Bichel  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Date  (1913). 

Charge." 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Feb.  4 

Grams. 
212 
212 
212 
212 
212 
212 
212 
212 
212 

1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 
1.07 

Millimeters. 
20.25 
20.00 
19.75 
18.  75 
19.25 
19.25 
18.50 
19. 25 
19.00 

Kilograms. 
63.28 
62.50 
61.72 
58.59 
60.16 
60.16 
57.81 
60.16 
59.38 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 
1 

Do 

\           62.50 

Do 

Do 

1 
1 

Do 

Feb.  13 

[           59. 64 

Feb.  4 

1 

Feb.  5 

\           59. 12 

Do 

1 

o  Including  12  grams  of  the  original  wrapper. 


RESULTS   OF   TESTS. 


267 


P=1.911A+0.5B  — 1.4110=65.84  kilograms  per  square  centimeter. 
V=15,000  cubic  centimeters.         S=1.07.        W=212  grams. 

VPS 

M=^ry-=4,985  kilograms  per  square  centimeter  (70,900  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  of  the  Explosive  and  14  Grams  of 

THE  Original  Wrapper. 

[Analyst,  A.  L.  Hyde.] 
Date,  June  17,  1910.  Grams. 

Solid 78.  5 

Liquid  (water) 16.0 

Gaseous 116. 4 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 
Charge,  106.0  grams." 


Date  (1913). 

Weight 
of  water. 

Rise  in 
tempera- 
ture. 

Heat  devel- 
oped per 
kilogram. 

Jan.  18 

Kilograms. 
81.95 
81.95 
81.95 

0.790 
.803 
.768 

Calories. 

688  8 

Do 

700.2 
669  3 

Jan. 20 

a  Including  6  grams  of  the  original  wrapper. 
Average  large  calories  per  kilogram  of  explosive,  686.1. 

Compression  of  Small  Lead  Blocks. 


Charge.  100  gram.-< 


Date  (1910). 

Height. 

Before                Xiter 
explosion.        explosion. 

1 

Compression. 

J  line  2 ' 

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
53.50 
53.25 
53.50 

Millimeters. 
10  00 

Do 

10.25 

Do 

10.00 

Average  compression,  10.1  millimeters  (0.40  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Le.\d  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Expansion 
of  bore 
hole. 

Tempera- 

Date  (1910). 

Before 
shot. 

After 
shot. 

tiu-eof 
block. 

May  26 

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
188 
199 
199 

Cubic  centi- 
meters. 
125 
136 
136 

°C. 

15 

Do 

Do 

15 
15 

Average  expansion  of  bore  hole,  132  cubic  centimeters  (8.05  cubic  inches). 
91853"— Bull.  6ti— 13 18 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


TUNNELITE  NO.  8-L.  F. 

Explosive,  Tiuiuelite  No.  8-L.  F. 

Class  4,  nitroglycerin. 

Manufactured  l)y  the  G.  R.  McAbee  Powder  cfe  Oil  Co. 

Physical  examination : 

Diameter  of  cartridge,  If  inches. 

Length  of  cartridge.  8  inches. 

Average  weight,  218  grams. 

Cartridge  had  not  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.05. 

Color  of  explosive,  ecru  wdth  green  spots. 

Coiisistency,  granular  and  fibrous,  coarse,  dry,  hard,  moderately  cohesive. 
Unit  deflective  charge  as  determined  by  the  ballistic  pendulum: 

Date,  December  13,  1909. 

Unit  swing  on  this  date,  3.14  inches. 

Weight  of  charge,  in  grams,  320,      320,      320. 

Swing,  in  inches,  3.18,      3.10,      3.08. 

Average  swing,  in  inches,  3.12. 

3.12  :  3.14  :  :  320  :  (322). 
Therefore  the  unit  deflective  charge  of  Tunnelite  No.  8-L.  F.  is  322  grams. 

Gas  and  Dust  Gallkry  No.  1. 


Weight 

Methane 

Weight 

Methane 

Date(1909-10). 

of 

and 

Result. 

Date  (1910). 

of 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Test  l. 

Test  3— Con. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

Dec.  21 

322 

7.98 

No  ignition. 
Do. 
Do. 

Jan.  26 

322 

No  ignition. 

Do 

322 
322 

8.32 
8.32 

Jan.  27 

Do 

322 
322 

Do. 

Do 

Do. 

Do  

322 
322 
322 

8.32 
8.16 
7.98 

Do. 
Do. 
Do. 

Do 

Do 

Do 

322 
322 
322 

Do. 

Do 

Do. 

Do 

Do. 

Do 

322 

7.81 

Do. 

Do 

322 

Do. 

Do 

322 

7.81 

Do. 

Do 

322 

7.81 

Do. 

Test  4. 

Do 

322 

7.81 

Do. 

Jan.  20 

O6S0 

4.23 

No  ignition. 

Test  3. 

Do 

0  680 

4.14 

Do. 

Do 

O6S0 

3.93 

Do. 

Jan.  26 

322 
322 
322 

No  ignition. 
Do. 
Do. 

Do 

Do 

O680 
"680 

3.93 
4.14 

Do. 

Do 

Do. 

Do 

a  680  grams  or  more  was  used. 
Rate  of  Detonatiox. 


Diameter  of  cartridge,  1-^  inches. 
Electric  defunalor.  No.  7. 


Date  (1909). 

Distance 

between 

spark  points. 

Peripheral 

speed  of  drum 

per  second. 

Rate  of 
detonation 
per  second. 

Dec.  17 

Millimeters. 
16.55 
15.% 
16.03 

Meters. 
43.0 
43.0 
43.0 

Meters. 
2.598 

Dec.  18 

2.694 

Do       

2.682 

Average  rate  of  detonation,  2,058  meters  (8.720  feet)  per  Becond. 


RESULTS   OF   TESTS. 


269 


Flamk  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Date  (1910). 


Height  of 
photograph. 


Sept.  26 

Sept.  29 

Do. 


Millimeters. 
11.00 
9.75 
13.00 


Height  of 
flame. 


Duration 
distance. 


Inches. 
13.89 
12.32 
16.42 


Millimeters. 
5.00 
5.75 
6.00 


Duration  of 
flame. 


Milliseconds. 
0.250 

.288 
.300 


Average  height  of  flame,  14.21  inches. 
Average  duration  of  flame,  0.279  millisecond. 

Impact  Tkst. 
Date,  June  29,  1910. 


Distance  of 

fall. 

Number  of 
trials. 

Result. 

Distance  of 
fall. 

Number  of 
trials. 

Result. 

Centimeters. 

Centimeters. 

18 

No  explosion. 

17 

Explosion. 

22 

Explosion. 

16 

Do. 

20 

Do. 

15 

No  explosion. 

19 

Do. 

15 

Explosion. 

18 

No  explosion. 

14 

Qo. 

IS 

Explosion. 

13 

0 

No  explosion. 

17 

No  explosion. 

The  maximum  height  at  which  no  explosion  occurs  established  at  13  centimeters 
(5.12  inches). 

Explosion-by-Influence  Test. 

Weight  of  each  cartridge,  169  grams. 


Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Date  (1910). 

Distance 
separating 
cartridges. 

Result,  upper 
cartridge. 

Nov.  20 

Nov.  21 

Do 

Do 

Inches. 

3 
4 
6 
8 

Exploded. 

Do. 

Do. 
Did  not  explode. 

Nov.  21 

Do 

Do 

Inches. 

7 

Did  not  explode. 
Do. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  at  7  inches. 

Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.4  millimeter =1  kilogram  per  square  centimeter. 


Date  (1910). 

Charge,  o 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

.Vverage 

pressure 

per  square 

centimeter. 

June  28 

Grams. 

218 
218 
218 
218 
218 
218 
218 
218 
218 

1.05 
1.05 
1.05 
1.05 
1.05 

i.a5 

1.05 
1.05 
1.05 

Millimeters. 
25.75 
25.00 
24. 75 
23.25 
23.75 
23.50 
23.50 
22.75 
■22.50 

Kilograms. 
64.38 
62.50 
61.88 
58.12 
59.38 
58.75 
58.75 
56.88 
56.25 

A 
A 
A 
B 
B 
B 
C 
C 
C 

Kilograms. 

Do 

62. 92 

Do 

Oct.  5 

Do 

58. 75 

Do ' 

Oct.  6 

Do 

57. 29 

Do 

■J  Including  IS  gramo  of  the  original  wrapper. 
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P=1.9]1A+0.5B  — 1.4Jl('=fj8.78  kilograms  ])er  square  centimeter. 
V=15,000  cubir  centimeters.        S=1.05.        W=218  granii.. 

VPS 

M=—-— =4,969  kilograms  per  square  centimeter  (70,680  pounds  per  square  inch). 

Products  of  Combustion  from  200  Grams  ok  the  Explosive  and  18  Grams  ok 

THE  Oricinal  Wrapper. 


[Analyst.  A.  h.  Hyde.) 


Date,  July  6,  1910. 
Solid '. 


Grams. 

73.6 

Liquid  (water) 15.  0 

Gaseous 129.  4 

Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 

Charge,  108.4  grams." 


Date  (1910). 


Aug.  24. 

Aug.  25. 

Do. 


Weight 
of  water. 


Kilograms. 
80.95 
80.95 
80.95 


Rise  in 
tempera- 
ture. 


'C. 
0.742 
.757 
.758 


Heat  devel- 
oped per 
kilogram. 


Caloric-i. 
625.3 
638.0 
638.9 


a  Including  8.4  grams  of  the  original  wrapper. 

Average  large  calories  per  kilogram  of  explosi\-e,  634.1. 

Compression  of  Small  Lead  Blocks. 
Charge,  100  grams* 


Date  (1910). 

Height. 

Before 
expansion. 

After 
expansion. 

Compression. 

July  9                             

Millimeters. 
63.50 
63.50 
63.50 

Millimeters. 
54.25 
53.75 
54.00 

Millimeters. 
9.25 

Do               

9.75 

Do          

9.50 

Average  compression,  9.5  millimeters  (0.37  inch). 

Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams. 


Volume  of  bore  hole. 

Kxpansion 

of  bore 

hole. 

Tempera- 

Date (1910). 

Before 
shot. 

After 
shot. 

ture  of 
block. 

Oct  19             

Cubic  centi- 
meters. 
63 
63 
63 

Cubic  centi- 
meters. 
200 
200 
200 

Cubiccenti- 

meters. 

137 

137 

137 

"C. 

15 

Do      

15 

Do                                 

15 

Average  expansion  of  bore  hole,  137  cubic  centimeters  (8.36  cubic  inches). 
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RESULTS    OF   TESTS  WITH    SIX    FOREIGN    EXPLOSIVES. 

The  methods  followed  at  «.ll  statioiLs  that  are  testmg  coal-mining 
explosives  were  devised  so  as  to  classify  explosives  with  respect  to 
their  suitability  for  use  in  coal  mines.  The  testing  galleries  in  which 
explosives  are  tested  vary  in  size,  form,  and  material.  Steel  cannon 
in  which  the  charges,  of  explosives  are  fired  are  used  at  all  stations 
except  Austria,  the  bore  of  the  cannon  varyuig  from  40  to  .55 
millimeters. 

Natural  gas  is  used  at  some  stations  and  artificial  substitutes  at 
others.  The  limit  charge  establislied  for  a  given  explosive  is  by  no 
means  the  same  at  each  station ;  moreover,  in  some  cases  there  is  even 
a  marked  dissimilarity  of  results. 

The  use  of  stemmhig  at  foreign  stations  and  at  the  Pittsburgh  ex- 
periment station  has  been  found  to  raise  the  limit  charge  considerably, 
especially  of  the  ammonium  nitrate  class  of  explosives. 

Air-spacmg  inside  the  bore  of  the  cannon,  as  practiced  at  most  of 
the  Continental  stations,  is  said  to  extend  the  apparent  border  line 
of  safety.  However,  it  may  be  stated  that  the  results  obtained  with 
different  charging  densities  at  the  Pittsburgh  experiment  station  do 
not  indicate  that  the  border  line  of  safety  is  necessarily  extended 
with  low-charging  densities;  on  the  other  hand,  some  explosives  have 
passed  the  test  with  a  charge  of  6S0  grams  when  loaded  with  a 
charging  density  of  1  that  would  not  pass  with  this  amount  when 
loaded  air  spaced. 

It  has  been  shown  by  some  of  the  German  stations  that  some  of 
the  permitted  explosives  were  less  safe  when  tested  in  the  presence 
of  coal  dust  alone.  The  results  obtained  at  the  German  stations  were 
not  always  confirmed  by  the  other  stations  where  pure  artificial  or 
natural  gas  is  used.  This  may  be  explained  by  the  fact  that  the  pit 
gases  used  at  many  of  the  stations  are  not  of  uniform  composition 
and  contam  more  or  less  inert  gases. 

There  is  sometimes  a  small  percentage  of  carbon  dioxide  and  other 
inert  gases  present  in  the  pit  gases  used  abroad,  depen<lmg  on  the 
efficiency  and  condition  of  the  scrubbers  at  the  time  the  gases  are 
drawn  through.  Assuming  that  the  percentage  of  these  inert  gases 
is  kept  within  low  limits,  there  may  be  at  times  sufficient  inert  gases 
present  to  have  a  retardative  effect  on  the  ignition.  Tests  made  at 
the  Pittsburgh  experiment  station  indicate  that  a  gas  and  air  mixture 
containing  8.1  per  cent  of  methane  and  ethane,  14.2  per  cent  of 
carbon  dioxide  (CO2),  and  77.7  per  cent  of  air  is  practically  non- 
explosive  when  ignition  is  attem.pted  with  an  electric  igniter  con- 
taming  5  grains  of  black  powder.  It  was  also  found  that  the  ignition 
of  gas  mixtures  containing  11.7  per  cent  carbon  dioxide  is  materially 
retarded  and,  even  when  ignited,  burned  at  a  slow  rate  accompanied 
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with  little  if  any  explosion.  For  this  reason  it  would  be  fair  to 
assume  that  a  gas  mixture  containing  a  small  percentage  of  carbon 
dioxide  or  other  inert  gases  would  be  proportionately  less  sensitive 
than  a  ])ure  gas  mixture. 

The  results  of  tests  of  the  four  foreign  explosives  reported  in  Bul- 
letin 1.5  indicated  that  the  natural  gas  used  at  the  Pittsburgh  experi- 
ment station  is  more  sensitive  than  the  pit  gas  used  abroad,  and  that  it 
would  be  necessary  to  reduce  the  percentage  of  gas  in  order  that  the 
results  might  be  comparable  to  those  obtained  abroad.  It  was 
evident  that  gas  and  air  mixtures  contaming  about  6  per  cent  of 
methane  and  ethane  were  equivalent  to  the  8  per  cent  mixtures  used 
abroad,  and  further  that  all  explosives  would  be  excluded  if  un- 
tamped  shots  were  fired  in  the  presence  of  air  mixtures  containing  8 
per  cent  of  methane  and  ethane. 

A  conference  of  several  of  the  leading  coal  operators  was  called  at 
the  Pittsburgh  experiment  station,  and  the  consensus  of  opinion  was 
that  a  low  percentage  gas  mixture  with  coal  dust  suspended  in  the  air 
would  more  nearly  represent  the  dangerous  conditions  that  might 
exist  in  a  coal  mine,  and  that  one  of  the  tests,  at  least,  should  be 
made  under  these  conditions  with  unstemmed  shots,  using  a  charge 
of  not  less  than  680  grams  (H  pounds). 

STANDARDIZING  APPARATUS  AND  METHODS. 

The  question  of  standardizing  universal  methods  and  apparatus 
for  testing  coal-mitiing  explosiA^es  is  stiU  an  open  one.  It  is  obvious 
that  an  interrelation  of  the  work  of  all  stations  aiming  to  unify  or 
standardize  apparatus  and  methods  of  testmg  explosives  would  be 
beneficial  to  all  concerned,  and  it  is  hoped  that  such  \\t11  eventually 
be  the  outcome. 

It  would  seem  that  the  design  m  the  construction  of  all  testing 
apparatus  could  be  estabhshed  on  a  uniform  basis.  In  fact,  it  is  the 
tendency  at  present  to  adopt  the  cylindrical  type  of  steel  gallery  and 
steel  cannon  having  a  bore  of  55  millimeters  in  diameter.  The 
unifjdng  of  test  requirements  does  not  offer  a  ready  solution.  In 
Belgium  the  mines  are  unusually  fiery  and  all  explosives  are  required 
to  pass  a  severe  gas  test.  In  recent  years  explosives  have  been 
tested  in  the  presence  of  coal  dust,  but  the  dust  used  has  a  relatively 
low  percentage  of  volatile  matter  as  compared  with  that  used  in  the 
United  States. 

In  France  great  stress  is  put  on  the  requirements  of  the  gaseous 
products  of  combustion  of  explosives.  The  nitroglycerin  class  of 
explosives  is  practicaUy  eliminated  from  use  in  French  coal  mines. 
"^Mien  permissible  explosives  of  thi,  class  are  properly  used  m  the  coal 
mines  of  the  United  States  in  quantities  less  than  1^  pounds  per  shot, 
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it  has  been  found  that  the  amount  of  poisonous  gases  produced  is  so 
small  that  it  is  of  little,  if  any,  consequence.  This  is  especnally  true 
when  the  ventilation  current  is  brought  directly  to  the  working  face. 
A  testmg  gallery  has  recently  been  installed  in  France  for  determining 
the  permissibility  of  explosives,  hence  the  classification  of  explosives 
by  calculating  the  theoretical  temperature  of  explosion  will  no  doubt 
be  discontinued. 

In  England  stemmed  charges  only  are  used  for  determining  the 
permissibility  of  explosives  for  use  in  coal  mines.  This  requirement 
would  not  always  meet  the  conditions  of  mining  in  the  United  States. 
Although  it  is  a  reprehensible  practice,  miners  have  been  known  to  fire 
permissible  explosives  in  a  drill  hole  with  little,  if  any,  stemming. 
For  this  reason  unstemmed  shots  are  one  of  the  requirements  of  the 
Bureau  of  Mines  for  determinmg  the  permissibility  of  an  explosive. 
It  is  understood  that  the  new  English  testmg  station  which  is  now  in 
course  of  construction  will  test  explosives  without  stemming  in  the 
presence  of  inflammable  gas  mixtures. 

Six  foreign  coal-mining  explosives  were  procured  for  comparative 
tests.  The  method  of  conducting  the  tests  was  approximately  the 
same  as  that  employed  at  the  foreign  testing  stations. 

The  results  of  tests  indicate  that  all  of  the  foreign  explosives,  except 
explosive  H,  which  detonated  incompletely,  would  pass  the  Wool- 
wich tests,  but  that  aU  would  fail  to  pass  the  Belgian  tests.  Only 
two  of  the  explosives,  namely,  I  and  J,  would  pass  the  test  require- 
ments requisite  for  their  being  placed  on  the  United  States  permis- 
sible list.  In  the  gas  and  dust  gallery  tests  explosive  E  failed  in  test  4 ; 
explosive  F  was  not  tested,  as  it  failed  to  detonate  completely  in 
Belgian  test;  explosive  G  failed  in  test  4;  and  explosive  H  failed  in 
test  1,  Two  of  these  explosives,  namely,  E  and  F,  also  failed  in 
friction  test. 

The  foreign  explosives,  namely,  E,  G,  I,  and  J,  were  subjected  to  a 
suspended  test,  which  simulates  to  some  extent  the  procedure  fol- 
lowed at  one  of  the  foreign  testing  stations.  The  test  was  made  by 
suspending  in  the  gallery  454  grams  (1  pound)  of  the  explosive,  includ- 
ing the  original  wrapper.  The  charge  was  detonated  in  a  mixture 
of  gas  and  air  containing  4  per  cent  of  gas  (methane  and  ethane)  and 
20  pounds  of  bituminous  coal  dust,  18  pounds  of  which  was  placed  on 
shelves  along  the  sides  of  the  first  20  feet  of  the  gallery,  and  2  pounds 
placed  so  that  it  was  stirred  up  by  an  air  current  in  such  a  manner 
that  all  or  a  part  of  it  would  be  suspended  in  the  first  division  of  the 
gaUery.  The  explosive  I  was  the  only  explosive  that  passed  this 
test.  The  explosives  G  and  J  ignited  the  mixture  in  the  first  trial 
and  explosive  E  ignited  the  mixture  once  out  of  two  trials. 
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For  convenience  in  reporting  the  results  of  tests,  the  six  foreign 
explosives  are  here  designated  explosives  E,  F,  G,  II,  I,  and  J. 

Explosive  E. 

Class,  potassium  chlorate. 

Physical  examination : 

Diameter  of  cartridge,  4.45  centimeters  (1|  inches). 

Length  of  cartridge,  12.7  centimeters  (5  inches). 

Average  weight,  249  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.28. 

Color  of  explosive,  yellow. 

Consistency,  powdered,  very  fine,  dry,  soft,  slightly  cohesive. 

Explosive  F.  , 

Class,  potassium  chlorate.  1 

Physical  examination :  ^' 

Diameter  of  cartridge,  4.45  centimeters  (IJ  inches). 

Length  of  cartridge,  14.6  centimeters  (5|  inches).  J 

Average  weight,  233  grams.  ^ 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.04. 

Color  of  explosive,  corn. 

Consistency,  powdered,  very  fine,  dry,  soft,  not  cohesive. 

Explosive  G. 

Class,  ammonium  nitrate,  containing  nitroglycerin. 

Physical  examination : 

Diameter  of  cartridge,  4.45  centimeters  (If  inches). 

Length  of  cartridge,  17.1  centimeters  (6|  inches). 

Average  weight,  237  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.93. 

Color  of  explosive,  corn. 

Consistency,  granular  and  fibrous,  fine,  dry,  soft,  slightly  cohesive. 

Explosive  H. 

Class,  ammonium  nitrate. 

Physical  examination: 

Diameter  of  cartridge,  4.45  centimeters  (1|  inches). 

Length  of  cartridge,  15.5  centimeters  (fi^-  inches). 

Average  weight,  242  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  1.03. 

Color  of  explosive,  corn. 

Consistency,  granular,  fine,  dry,  hard,  slightly  cohesive. 

Explosive  I. 

Class,  ammonium  nitrate. 

Physical  examination : 

Diameter  of  cartridge,  4.45  centimeters  (If  inches). 

Length  of  cartridge,  18.4  centimeters  (7\  inches). 

Average  weight,  250  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gravity  of  cartridge  by  sand,  0.80. 

Color  of  explosive,  corn. 

Consistency,  powdered,  fine,  dry,  soft,  not  cohesive. 
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Explosive  J. 

Class,  ammonium  nitrate. 
Physical  examination : 

Diameter  of  cartridge,  4.45  centimeters  (1|  inches). 

Length  of  cartridge,  15.2  centimeters  (6  inches). 

Average  weight,  226  grams. 

Cartridge  had  been  redipped. 

Apparent  specific  gra\'ity  of  cartridge  by  sand,  0.94. 

Color  of  explosive,  corn. 

Consistency,  powdered,  fine,  dry,  soft,  not  cohesive. 

Chemical  Analyse.'!. 
Chemical  analyses  of  these  six  samples  resulted  as  follows: 

EXPLO.SIVE    E. 

[Analyst,  A.  L.  Hyde.] 

Moisture 0. 17 

Dinitrotoluene 17. 85 

Mononitronaphthalene 1. 30 

Castor  oil 5. 32 

Potassium  chlorate 75. 36 

100.00 
Ash,  0.04. 

EXPLOSIVE    F. 

Moisture 0. 10 

Nitrated  rosin 24.  63 

Potassium  chlorate 75.  27 

100.00 

Ash,  0.03. 

EXPLOSIVE   G. 

Moisture 0. 52 

Nitroglycerin 8. 13 

Nitrotoluene 3. 57 

Castor  oil 81 

Nitrocellulose 56 

Ammonium  nitrate 82. 11 

Wood  pulp : 4.  30 

100.00 
Ash,  0.04. 

EXPLOSIVE   H. 

Moisture 0. 18 

Ammonium  nitrate 88. 17 

Trinitrotoluene 8. 13 

Mononitronaphthalene 3.  52 

100.00 
Ash,  0.07. 

EXPLOSIVE   I. 

[Analyst,  C.  G.  Storm.] 

Moisture 0. 06 

Rosin 5. 01 

Ammonium  nitrate 91. 43 

Potassium  nitrate 3. 50 

100.00 
Ash,  0.08. 
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EXPLOSIVE    J. 

Moisture 0. 45 

Trinitrotolueie 4. 82 

Ammonium  nitrate '.'....'. 90. 50 

Flour 4.23 


100. 00 


.\sh,  0.07. 

PrODITCTS    op    CoMBtTSTION    FROM    200   GR-\MS    OP    EaCH    EXPLOSIVE. 
[Analyst,  A.  L.  Hyde..] 


Date 
(1912). 

Test  No. 

Grams  of 
original 
wrapper. 

Products  of  combustion. 

Kxplosive, 

Gaseous. 

Solid. 

Liquid 
(water). 

E   

June  24 
June  25 
July     1 
July     2 
July     3 
July     6 

P877 
P878 
P882 

P883 
P884 
P886 

10 
6 
13 
10 
10 
8 

Grams. 
96.8 
92.5 
121.5 

Grams. 

90.2 

94.2 

.0 

Grams. 
10.5 

r          

7.2 

G 

70.0 

H             

120.8 

1.2 

71.0 

I  

110.5              3.1 
106. 2              2. 1 

80.5 

J 

81.0 

Gaseous  Products  op  Combustion,  Percentage  by  Volume. 


Explosive. 

Date 
(1912). 

Test 
No. 

HzS. 

CO2. 

CO. 

O2. 

Ho. 

CH*. 

Nj. 

E 

June  24 
June  25 
July     1 
July     2 
July     3 
July     6 

P877 
P878 
P882 
P883 
P884 
P886 

Per  cent. 
0.0 
.0 
.0 
.0 
.0 
.0 

Per  cent. 
34.1 
23.4 

28.7 
27.4 
25.5 
30.0 

Per  cent. 
41.5 
47.4 
5.9 
5.5 
3.0 
.0 

Per  cent. 
0.0 
.0 
.0 
.0 
.0 

.1 

Per  cent. 
15.6 
23.9 
11.0 
9.1 
9.6 
.0 

Per  cent. 
0.5 

:l 

.7 
1.1 
.2 

Per  cent. 
8.3 

F 

4.7 

G     

53.6 

H 

57.3 

I 

60.8 

J 

69.7 

Solid  Products  of  Combustion,  Percentage  by  Weight. 


Explosive. 

Date 
(1912). 

Test  No. 

Products  of  com- 
bustion. 

Soluble. 

Insoluble. 

E 

June  24 
June  25 

P877 
P878 

Per  cent. 
90.43 
89.60' 

Per  cent. 
9.57 

F 

10.40 
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Large  Calories  Developed  by  1  Kilogram  of  the  Explosive. 


Explosive. 


Date 
(1912). 

Charge.a 

Test  No. 

Grams. 

July   10 

105 

C580 

11 

105 

C  581 

11 

105 

0  582 

13 

103 

C585 

13 

103 

C586 

15 

103 

C587 

15 

106.5 

C588 

16 

106.5 

C591 

17 

106.5 

C  592 

17 

105.0 

C593 

17 

105.0 

C594 

17 

105.0 

C595 

18 

105.0 

C596 

18 

105.0 

C597 

19 

104.0 

C598 

19 

104.0 

C599 

19 

104.0 

C600 

Rise  in 
tempera- 
ture. 

Heat  de- 
veloped 
per  kilo- 
gram. 

°C. 
1.234 
1.176 
1.206 

Calories. 
1,090.7 
1,039.0 
1,065.7 

.966 
.957 
.965 

868.5 
860.4 
867.7 

1.300 
1.3&3 
1.360 

1,133.2 
1,188.5 
1,185.9 

(6) 

(6) 
C) 

1.371 
1.408 
1.354 

1,212.7 
1,245.6 
1,197.5 

1.439 
1.221 
1.240 

1,285.5 
1,089.4 
1,106.5 

Average 
heat  de- 
veloped 
per  kilo- 
gram. 


R, 

F. 

G 

H 
I. 

J. 


Kilograms 
81.95 
81.95 
81.95 

81.95 
81.95 
81.95 

81.95 
81.95 
81.95 

(6) 
C) 

81.95 
81.95 
81.95 

81.95 
c  81.95 
c  81.95 


Calories. 
1,065.1 


865. 5 


1,169.2 


1,218.6 


a  Charge  consists  of  100  grams  of  the  explosive  ingredient  plus  the  proportionate  amount  of  the  original 
wrapper. 

b  Owing  to  erratic  results  obtained,  results  of  tests  not  reported,  incomplete  detonation,  nitrogen  oxides 
evolved. 

c  Incomplete  detonation — nitrogen  oxides  evolved. 


Compression  op  Sm.\ll  Le.\d  Blocks. 


Charge,  100  grams. 


Explosive. 

Date 
(1912). 

Test  No. 

Height 

before 

explosion. 

Height 

after 

explosion. 

Com- 
pression. 

E 

June  18 
18 
18 

18 
18 
18 

18 
18 
18 

18 
18 
18 

18 
18 
18 

18 
18 
18 

B855 
B856 
B857 

B858 
B859 
B860 

B862 
B8&3 
B864 

B865 
B  868 
B869 

B870 
B871 
B872 

B873 
B874 
B875 

Millimeters. 
63.50 
63.25 
63.25 

63.25 
63.50 
63.25 

63.50 
63.25 
63.25 

63.25 
63.25 
63.25 

63.25 
63.25 
63.50 

63.25 
63.25 
63.25 

Millimeters. 
45.50 
45.25 
45.00 

43.75 
44.25 
44.00 

44.00 
44.  .50 
44.00 

46.75 
46.00 
46.00 

44.25 
44.00 
44.25 

44.00 
44.00 
43.50 

Millimeters. 
18.00 

F 

18.00 
18.25 

19.50 

G 

19.25 
19.25 

19.50 

H 

18.75 
19.25 

16.50 

I 

17.25 
17.25 

19.00 

J 

19.25 
19.25 

19. 25 

19.25 
19.75 

The  average  compression  is  as  follows: 

Explosive  E,  18.1  millimeters  (0.71  inch). 
Explosive  F,  19.3  millimeters  (0.76  inch). 
Explosive  G,  19.2  millimeters  (0.76  inch). 
Explosive  H,  17.0  millimeters  (0.67  inch). 
Explosive  I,  19.2  millimeters  (0.76  inch). 
Explosive  J,  19.4  millimeters  (0.76  inch). 
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TESTS  OF  PERMISSIBLE  EXPLOSIVES. 


Expansion  of  Bore  Hole  of  Trauzl  Lead  Blocks. 
Charge,  10  grams.  ' 


Explosive. 

Date 
(1912). 

Test  No. 

Volume  of 
bore  hole 
before  shot. 

Volume  of 
bore  hole 
after  shot. 

Expansion 

of  bore 

hole. 

E 

July    20 
20 
20 

20 

Aug.     1 

1 

July   20 
20 
20 

June  15 
15 
15 

15 

15 
15 

July   20 
20 
20 

A  887 
A  888 
A  889 

A  892 
A  893 
A  894 

A  881 
A  882 
A  883 

A  873 

A  874 
A  875 

A  877 
A  878 
A  876 

A  884 
A  885 
A  886 

Cubic 

centimeters. 

62 

62 

62 

62 
62 
62 

62 
62 
62 

62 
62 
62 

62 

62 
62 

62 
62 
62 

Cubic 

centimeters. 

278 

268 

277 

260 
261 
269 

357 
362 
353 

329 
338 
343 

288 
296 
274 

303 
303 
315 

Cubic 
centimeters. 
216 

F 

206 
215 

198 

G : 

199 
207 

295 

H 

300 
291 

267 

I 

276 
281 

226 

J 

234 
o212 

241 

241 
253 

a  In  this  and  other  tests  explosive  detonated  incompletely. 

The  average  expansions  follow : 

Explosive  E,  212  cubic  centimeters  (12.93  cubic  inches). 
Explosive  F,  201  cubic  centimeters  (12.20  cubic  inches). 
Explosive  G,  295  cubic  centimeters  (18.00  cubic  inches). 
Explosive  H,  275  cubic  centimeters  (16.78  cubic  inches). 
Explosive  J,  245  cubic  centimeters  (14.94  cubic  inches). 

Unit  Deflective  Charge  as  Determined  by  the  Ballistic  Pendulum. 


Explosive. 

Date 
(1912). 

Charge. 

Swing. 

Average 
swing. 

Unit 

deflective 

charge. 

Pittsburgh  experiment  station  40  per  cent  stand- 

June  18 

18 
18 

18 
18 
18 

18 
18 
18 

17 
17 
17 

17 
17 
17 

17 
17 
17 

17 
17 
17 

17 
17 
17 

Grams. 
227 
227 
227 

240 
240 
240 

250 
250 
2,50 

227 
227 
227 

200 
200 
200 

210 
210 
210 

225 
225 
225 

230 

230 

Inches. 
3.37 
3.30 
3.28 

3.47 
3.43 
3.41 

3.38 
3.38 
3.33 

3.38 
3.31 
3.35 

3.. 32 
3.27 
3.28 

3.29 
3.35 
3.31 

3.32 
3.38 
3.42 

3.21 
3.16 
3.23 

Inches. 
3.32 

[           3.44 

3.36 

i            3.29 

i           3.32 

i           3.37 

3.20 

Grams. 

E 

227 

F 

232 

Pittsburgh  experiment  station  40  percent  stand- 
ard dynamite 

247 

G 

227 

H 

204 

I 

212 

J 

224 

241 

RESULTS   OF    TESTS   WITH    SIX   FOREIGN    EXPLOSIVES. 
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In  order  to  test  the  foreign  explosives  at  the  Pittsburgh  experiment 
station  under  conditions  simulating  the  procedure  followed  at  Wool- 
wich, England,  it  was  necessary  to  determine  the  standard  Wool- 
wich charge  of  each  explosive.  This  was  computed  from  the  results 
of  ballistic  pendulum  tests  of  the  four  foreign  explosives  reported  in 
Bulletin  15,  Chapter  VIII.  It  was  found  that  the  Woolwich  disrup- 
tive charge  for  an  explosive  was  69  per  cent  of  that  used  at  the  Pitts- 
burgh experiment  station.  The  following  tabulation  gives  the  unit 
deflective  charge  and  the  Woolwich  disruptive  charge  of  the  four 
foreign  explosives  as  determined  at  the  Pittsburgh  experiment  station : 


Explosive. 

Pittsburgh 

experiment 

station 

unit  deflective 

charge. 

M^oolwieh 

disruptive 

charge. 

Percentage 
Woolwich 
charge  com- 
pared with 
charge  used  at 
the  Pittsburgh 
experiment 
station. 

A 

Grams. 

420 
205 
202 
298 

Grams. 

295 
144 
137 
199 

70 

B 

70 

C 

68 

D 

67 

69 

Therefore,  the  Woolwich  disruptive  charge  is  69  per  cent  of  the 
charge  used  at  the  Pittsburgh  experiment  station,  and  this  factor 
(0.69)  was  used  in  computing  the  standard  Woolwich  charge  of  the 
six  foreign  explosives  reported  herein. 

In  all  tests  in  gas  and  dust  gallery  No..  1  the  following  electric  detonators  were  used: 

Explosive  E,  electric  detonator  No.  6. 

Explosive  F,  electric  detonator  No.  6. 

Explosive  G,  electric  detonator  No.  6. 

Explosive  H,  electric  detonator  No.  7. 

Explosive  I,  electric  detonator  No.  7. 

Explosive  J,  electric  detonator  No.  7. 

The  Belgian  Test  (Modified)  for  Determination  of  the  Limit  Charge  in  a 
Mixture  of  Gas  and  Air  Containing  8  per  cent  of  Methane  and  Ethane. 

Limit  charge  is  established  if  five  shots  fail  to  ignite  the  mixture. 


E.xplosive. 

Date 
(1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

E 

June  27 
27 
28 
28 
28 

27 

27 
27 

July     1 

June  28 
28 

29 

26 

Grams. 
50 
50 
50 
50 
50 

100 
100 
250 

50 

.50 
50 

50 

50 

Per  cent. 
7.99 
8.17 
8.09 
7.94 
7.66 

7.91 
8.06 
8.50 

8.03 

7.78 
7.55 

8.02 

S.  23 

No  ignition. 

F 

Do. 
Do. 
Do. 
Ignition. 

No  ignition." 

G 

Do." 
Do.a 

Ignition. 

No  ignition. 
Ignition. 

Do. 

H 

1 

J 

Do. 

a  Detonation  incomplete. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


The  limit  charges  for  this  test  are  established  as  follows:  Grams. 

Explosive  E 0 

Explosive  G 0 

Explosive  H 0 

Explosive  1 0 

Explosive  J 0 

Woolwich  Test  (Modified). 

Five  shots  with  the  standard  (Woolwich)  charge,  in  its  original  wrapper,  shall  be 
fired  with  12  inches  of  clay  stemming  (tamped  by  hand)  at  a  gallery  temperature  of 
77°  F.  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  methane  and  ethane. 
An  explosive  passes  this  test  if  all  five  shots  fail  to  ignite  the  mixture. 


Bate 
(1912). 

Weight 

Methane 

Explosive. 

of 
charge. 

and 
ethane. 

Result. 

Grams. 

Per  cent. 

E 

Aug.  21 

160 

8.06 

21 

160 

8.05 

Do. 

21 

160 

7.82 

Do. 

21 

160 

8.46 

Do. 

21 

160 

7.92 

Do. 

¥                                         

21 
21 

170 
170 

8.11 
7.90 

Do. 

Do. 

21 

170 

7  88 

Do. 

21 

170 

7.88 

Do. 

21 

170 

8.24 

Do. 

G 

22 
23 

141 
141 

8.54 
8.40 

Do. 

Do. 

23 

141 

8.25 

Do. 

23 

141 

8.07 

Do. 

23 

141 

7.78 

Do. 

n 

21 
22 

146 
146 

8.11 
8.25 

Do.o 

Do.o 

22 

146 

7.82 

Do.o 

I                                      

22 
22 

155 
155 

8.00 
8.25 

Do. 

Do. 

22 

155 

8.11 

Do. 

22 

155 

8.39 

Do. 

22 

155 

8.05 

Do. 

J 

22 
22 

166 
166 

8.31 
7.82 

Do. 

Do. 

22 

166 

7.93 

Do. 

23 

166 

S.Ol 

Do. 

23 

166 

7.98 

Do. 

"  Detonation  incomplete. 
Explosives  E,  F,  G,  I,  and  J  passed  this  test. 


RESULTS    OF    TESTS    WITH    SIX    FOREIGN    EXPLOSIVES. 
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Woolwich  Test  (Modified). 

Five  shots  with  three-quarters  of  the  standard  (Woolwich)  charge,  in  its  original 
wrapper,  shall  be  fired  with  9  inches  of  clay  stemming  (tamped  by  hand)  at  a  gallery 
temperature  of  77°  F.  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  methane 
and  ethane.     An  explosive  passes  this  test  if  all  five  shots  fail  to  ignite  the  mixture. 


Explosive. 


Date 

Weight 

Methane 

and 
ethane. 

(1912). 

of  charge. 

Grams. 

Per  cent. 

Aug.  26 

120 

8.25 

26 

120 

7.93 

26 

120 

7.99 

26 

120 

7.83 

26 

120 

8.11 

24 

128 

7.84 

24 

128 

7.77 

24 

128 

8.01 

24 

128 

8.03 

24 

128 

8.23 

23 

106 

7.79 

23 

106 

7.96 

24 

106 

8.38 

24 

106 

7.82 

24 

106 

7.90 

26 

116 

7.75 

26 

116 

8.50 

26 

116 

8.20 

26 

116 

8.44 

26 

116 

8.04 

23 

124 

7.83 

23 

124 

7.79 

23 

124 

8.11 

23 

124 

7.79 

23 

124 

7.80 

Result. 


H  (this  test  was  not  made  on  this  explosive,  as  it  failed 
to  detonate  completely  in  previous  test  with  12  inches 
of  stemming). 


No  ignition. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 


Do. 
Do. 
Do. 
Do. 
Do. 

Do. 
Do. 
Do. 
Do. 
Do. 


Explosives  E,  F,  G,  I,  and  J  passed  this  test. 
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Testl. 


TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

BUREAU  OF  MINES  TESTS. 
Gas  and  Dust  Gallery  No.  1. 


Explosive. 

Date 
(1912). 

Weight 
of  charge. 

Methane 

and 
ethane. 

Result. 

Grams. 

Per  cent. 

E 

June  19 

232 

8.39 

No  ignition. 

19 

232 

8.23 

19 

232 

8.30 

Do! 

19 

232 

8.29 

Do. 

19 

232 

8.27 

Do. 

19 

232 

8.31 

Do. 

19 

232 

8.06 

Do. 

20 

232 

7.91 

Do. 

20 

232 

7.94 

Do. 

20 

232 

8.33 

Do. 

F 

20 

247 

7.  88 

Do. 

20 

247 

7.94 

Do. 

20 

247 

8.30 

Do. 

20 

247 

8.43 

Do. 

20 

247 

8.33 

Do. 

20 

247 

8.30 

Do. 

20 

247 

7.87 

Do. 

20 

247 

8.29 

Do. 

20 

247 

8.45 

Do. 

20 

247 

7.99 

Do. 

G 

24 
24 

204 
204 

8.40 
8.14 

Do. 

Do. 

24 

204 

8.15 

j5o. 

24 

204 

8.12 

Do. 

24 

204 

8.19 

Do. 

24 

204 

8.39 

Do. 

24 

204 

8.12 

Do. 

24 

204 

8.08 

Do. 

24 

204 

7.90 

Do. 

24 

204 

8.33 

Do. 

H 

24 

212 

7.92 

Do. 

24 

212 

8.14 

Do. 

25 

212 

8.07 

Ignition. 

I :.. 

21 

224 

8.01 

No  ignition. 

21 

224 

8.12 

22 

224 

8.36 

Do! 

22 

224 

8.16 

Do. 

22 

224 

8.04 

Do. 

22 

224 

8.31 

Do. 

22 

224 

8.06 

Do. 

22 

224 

8.30 

Do. 

22 

224 

7.98 

Do. 

22 

224 

8.28 

Do. 

J 

20 
21 

241 
241 

8.02 
8.06 

Do. 

Do. 

21 

241 

8.05 

Do. 

21 

241 

8.20 

Do. 

21 

241 

7.90 

Do. 

21 

241 

8.26 

Do. 

21 

241 

8.36 

Do. 

21 

241 

8.06 

Do. 

21 

241 

8.01 

Do. 

21 

241 

8.34 

Do. 

Explosives  E,  F,  G,  I,  and  J  passed  this  test. 
Explosive  H  failed  to  pass  this  test. 
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Gas  and  Dust  Gallery  No.  1. 


Test  3. 


Explosive. 

Date 
(1912). 

Weight 
of  charge. 

Result. 

Grams. 

E 

Aug.  16 
16 

232 

No  ignition. 

232 

16 

232 

Do'. 

16 

232 

Do. 

16 

232 

Do. 

16 

232 

Do. 

16 

232 

Do. 

16 

232 

Do. 

16 

232 

Do. 

16 

232 

Do. 

F 

20 
20 

247 
247 

Do. 

Do. 

20 

247 

Do. 

20 

247 

Do. 

20 

247 

Do. 

20 

247 

Do. 

20 

247 

Do. 

20 

247 

Do. 

20 

247 

Do. 

20 

247 

Do. 

G 

16 
16 

204 
204 

Do. 

Do. 

16 

204 

Do. 

16 

204 

Do. 

16 

204 

Do. 

17 

204 

Do. 

17 

204 

Do. 

17 

204 

Do. 

17 

204 

Do. 

17 

204 

Do. 

H 

20 
20 

212 

212 

Do. 

Do. 

20 

212 

Do. 

20 

212 

Do. 

20 

212 

Do. 

20 

212 

Do. 

20 

212 

Do. 

20 

212 

Do. 

20 

212 

Do. 

20 

212 

Do. 

I 

17 
17 

224 
224 

Do. 

Do. 

17 

224 

Do. 

17 

224 

Do. 

17 

224 

Do. 

19 

224 

Do. 

19 

224 

Do. 

19 

224 

Do. 

19 

224 

Do. 

19 

224 

Do. 

J 

19 
19 

241 
241 

Do. 

Do. 

19 

241 

Do. 

19 

241 

Do. 

19 

241 

Do. 

19 

241 

Do. 

19 

241 

Do. 

19 

241 

Do. 

20 

241 

Do. 

20 

241 

Do. 

Explosives  E,  F,  G,  H,  I,  and  J  passed  this  test. 
91853°— Bull.  66—13 19 
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Test  4. 


TESTS   OF   PEEMISSIBLE   EXPLOSIVES. 
Gas  and  Dust  Gallery  No.  1. 


Date 
(1912). 

Weight 

Methane 

Explosive. 

of 

and 

Result. 

charge. 

ethane. 

Grams. 

Per  cent. 

E 

Aug.    8 

8 

500 

4. 13 

Ignition. 
No  ignition. 

3.W 

4.18 

8 

400 

4.12 

Do. 

9 

450 

4.13 

Do. 

9 

450 

4.10 

Ignition. 

9 

400 

3.92 

No  ignition. 

9 

400 

4.13 

Ignition. 

9 

350 

4.25 

Do. 

9 

300 

4.21 

No  ignition. 

9 

300 

4.15 

Do. 

9 

300 

4.17 

Do. 

9 

300 

4.19 

Do. 

9 

300 

4.14 

Do. 

F(th!.s  to.s(vvasnot  run  on  this  explosive,  as  it  failed  (o 

detonate  conitjletely  in  previous  test  when  stemming 

was  not  used). 

G. 

2 

100 

3.89 

Do. 

2 

150 

3.96 

Do. 

3 

200 

4.42 

Do. 

3 

250 

3.83 

Do. 

3 

3.50 

3.92 

Do. 

3 

450 

3.S5 

Ignition. 

3 

400 

4. 15 

No  ignition. 

3 

400 

4.00 

Ignition. 

5 

200 

4.14 

No  ignition. 

5 

350 

4.08 

Do. 

5 

350 

4.10 

Do. 

5 

350 

4.04 

Ignition. 

5 

300 

4.03 

No  ignition. 

6 

300 

4.10 

Do. 

6 

300 

4.23 

Do. 

() 

300 

4.20 

Do. 

9 

300 

4.16 

Do. 

H  (this  test  not  run,  as  explosive  failed  in  Test  1). 

I 

14 

900 

4.  .34 

Do. 

14 

1,000 

4.25 

Do. 

J 

8 

3.50 

4.03 

Do. 

8 

450 

4.20 

Do. 

8 

(500 

4.22 

Do. 

8 

7(X) 

4.26 

Do. 

8 

sno 

4.05 

Do. 

10 

9(X) 

4.08 

Do. 

10 

1,000 

4.21 

Do. 

For  this  lest  llie  follomng  limit  charges  were  established: 

Grams. 
Explosive  E 300 

Explosive  G 300 

Explosive  I  (the  capacity  of  the  cannon) 1,  000 

Explosive  J  (the  capacity  of  the  cannon) 1, 000 

The  following  limit  charges  were  established  when  the  explosives  were  loaded  air 
spaced.  The  diameter  of  the  bore  of  the  cannon  was  2\  inches  (57  mm.)  and  the 
explosives  were  packed  in  cartridges  having  a  diameter  of  If  inches  (45  mm.),  except 
for  explosive  I,  which  was  packed  in  a  2-inch  (51-mm.)  cartridge. 

Grams. 

Explosive  E 250 

Explosive  G 50 

Explosive  1 800 

Explosive  J 300 


RESULTS   OF    TESTS   WITH    SIX   FOEEIGN   EXPLOSIVES. 

Rate  of  Detonation. 

Diameter  of  cartridge,  1^  inches." 
Electric  detonator,  No.  7. 
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Explosive. 

Date 
(1912). 

Distance 

between 

.spark 

points. 

Peripheral 

speed  of 

drum 

per  second. 

Rate  of 
detonation 
per  second. 

E  6 

June  27 

27 

24 
25 
25 

26 
26 
26 

21 
21 
21 

25 
26 

26 

Millimeters. 
15.70 

16.35 

11.35 
11.60 
11.20 

10.80 
10.30 
10.35 

10.60 
10.70 
10.70 

11.15 
11.50 
11.10 

Meters. 
43.5 

44.5 

44.5 
45.0 
45.0 

45.0 
45.0 
45.0 

45.0 
45.0 
45.0 

44.5 
45.0 
44.5 

Meters. 
2  771 

F6 

2  722 

G 

3,921 
3,879 
4,018 

4,167 
4,369 
4,348 

4,245 
4,206 
4,206 

3  991 

H 

I 

J 

3,913 
4,009 

a  The  explosives  H  and  I  failed  to  detonate  completely  in  li-inch  cartridges,  therefore  IJ-inch  cartridges 
were  used. 

b  Explosive  placed  in  iron  pipe  1|  inches  inside  diameter  and  42  inches  long  and  closed  at  both  ends  by 
means  of  iron  plugs. 

The  average  rates  of  detonation  of  the  explosives  are  as  follows: 
Explosive  G,  3,939  meters  per  second  (12,920  feet  per  second). 
Explosive  H,  4,295  meters  per  second  (14,090  feet  per  second). 
Explosive  I,  4,219  meters  per  second  (13,840  feet  per  second). 
Explosive  J,  3,971  meters  per  second  (13,020  feet  per  second). 

Flame  Test. 
Peripheral  speed  of  film,  20  meters  per  second. 


Explosive. 

Date 

(1912). 

Height  of 
photo- 
graph. 

Height  of 
flame. 

Duration 
distance. 

Duration 
of  flame. 

E r 

July     2 

2 

2 
2 
2 

3 
3 
3 

3 

5 
5 
9 

5 
5 

5 

Millimeters. 
9.75 
6.75 
7.25 

10.00 
9.75 
9.50 

9.00 
7.  .50 
7.50 

(a) 

7.75 
7.00 
7.25 

6.75 
7.00 
7.25 

Inches. 
12.32 
8.  .53 
9.16 

12.63 
12.32 
12.00 

11.37 
9.47 
9.47 

(a) 

9.79 
8.84 
9.16 

8.53 
8.84 
9.16 

Millimeters. 
7.00 
2.25 
2.50 

7.25 
5. 75 
5.50 

6.50 
5. 25 
5.00 

(a) 

2.25 
2.50 
1.75 

5.00 
5.75 
6.00 

Milli- 
seconds. 
0.350 

F 

.112 
.125 

.362 

G 

.'288 
.275 

.325 

H 

.262 
.250 

.112 

I 

J 

.125 
.088 

.250 

.  288 
.300 

a  Incomplete  detonation. 


286 


TESTS    OF    PERMISSIBLE    EXPLOSIVES. 


The  average  heights  and  durations  of  flame  are  as  follows: 

Explosive  E,  height  10.00  inches;  duration,  0.196  millisecond. 
Explosive  F,  height  12.32  inches;  duration  0.308  millisecond. 
Explosive  G,  height  10.10  inches;  duration  0.279  millisecond. 
Explosive  I,  height  9.26  inches;  duration  0.108  millisecond. 
Explosive  J,  height  8.84  inches;  duration  0.279  millisecond. 

Small  Impact  Test. 


Explosive. 


Date 

Distance 

Number 

Result. 

(1912). 

of  fall. 

of  trials. 

Centimeters. 

June  21 

30 

Explosion. 

21 

10 

No  explosion. 

21 

20 

Do. 

21 

25 

Explosion. 

21 

24 

Do. 

21 

23 

No  explosion. 

21 

25 

Explosion. 

21 

20 

Do. 

21 

10 

Do. 

21 

8 

Do. 

21 

6 

Do. 

21 

5 

No  explosion. 

21 

5 

Explosion. 

21 

4 

No  explosion. 

21 

4 

Explosion. 

21 

3 

No  explosion. 

July     8 

40 

Explosion. 

8 

36 

No  explosion. 

8 

38 

Do. 

8 

39 

Do. 

9 

60 

Explosion. 

9 

56 

No  explosion. 

9 

58 

Explosion. 

9 

57 

No  explosion. 

June  28 

40 

Do. 

28 

60 

Do. 

28 

80 

Do. 

28 

100 

Explosion. 

28 

96 

No  explosion. 

28 

98 

Do. 

28 

99 

Explosion. 

28 

98 

Do. 

28 

97 

1  i          Do. 

July     8 

96 

1 

Do. 

8 

90 

1 

No  explosion. 

8 

93 

Do. 

8 

95 

Explosion. 

8 

94 

Do. 

8 

93 

Do. 

8 

92 

Do. 

8 

91 

No  explosion. 

8 

91 

Explosion. 

8 

90 

No  explosion. 

8 

9b 

Explosion. 

8 

89 

No  explosion. 

8 

89 

Explosion. 

8 

88 

Do. 

8 

87 

No  explosion. 

8 

87 

Explosion. 

8 

86 

Do. 

8 

85 

Do. 

8 

84 

2 

No  explosion. 

8 

84 

Explosion. 

8 

83 

Do. 

8 

82 

Do. 

8 

81 

Do. 

8 

80 

2 

No  explosion. 

8 

80 

Explosion. 

8 

79 

No  explosion. 

8 

79 

Explosion. 

8 

78 

Do. 

8 

77 

No  explosion. 

8 

77 

Explosion. 

8 

76 

No  explosion. 

9 

60 

Do. 

9 

80 

Do. 

9 

100 

5 

Do. 

EESULTS    OF    TESTS   WITH    SIX   FOREIGX   EXPLOSIVES. 
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The  maximum  heights  that  will  cause  no  explosion  established  as  follows: 
Explosive  E,  23  centimeters  (9.06  inches). 
Explosive  F,  3  centimeters  (1.18  inches). 
Explosive  G,  39  centimeters  (15.35  inches). 
Explosive  H,  57  centimeters  (22.44  inches). 
Explosive  I,  76  centimeters  (29.92  inches). 
Explosive  J,  100  centimeters  (39.37  inches),  capacity  of  machine. 

Large  Impact  Test. 


Explosive. 

Date 
(1912). 

Distance 
of  fall. 

Number 
of  trials. 

Amount 
recov- 
ered. 

Result. 

E 

July      1 

1 

1 

1 

May    31 

31 

31 

31 

June     8 

8 

8 

8 

17 

17 

17 

17 

17 

17 

18 

18 

18 

18 

18 

18 

19 

19 

19 

19 

19 

Centimeters. 

150 

60 

20 

10 

100 

30 

20 

10 

100 

50 

20 

40 

100 

200 

160 

180 

170 

160 

500 

300 

200 

100 

120 

110 

600 

400 

200 

160 

190 

1 
3 

Grams. 

Explosion. 
Do. 

F 

18 
20 

Do. 
No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 

Do. 
No  explosion. 

Do. 

Do 

G 

2 
1 
20 
10 
10 
20 
20 
20 
9 
20 
10 
10 
20 

H 

I 

Explosion. 
No  explosion. 
E.xplosion. 

Do. 
No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 
Explosion. 
No  explosion. 
Explosion. 

Do. 

Do. 
No  explosion. 

Do. 

J 

8 
9 
20 
12 
20 

8 
9 
20 
20 

The  maximum  heights  that  will  cause  no  explosion  established  as  follows: 
Explosive  E,  10  centimeters  (3.94  inches). 
Explosive  F,  10  centimeters  (3.94  inches). 
Explosive  G,  40  centimeters  (15.75  inches). 
Explosive  H,  160  centimeters  (62.99  inches). 
Explosive  I,  110  centimeters  (43.31  inches). 
Explosive  J,  190  centimeters  (74.80  inches). 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 
Explosion-by-Influence  Test. 


Explosive. 

Date 
(1912). 

Weight  of 

each 
cartridge. 

Distance 
separat- 
ing car- 
tridges. 

Result,  upper  car- 
tridge. 

E 

Aug.  26 
26 
26 
27 
27 
27 

27 

27 

28 
28 
28 
28 

29 
29 
29 
29 
29 

28 

28 
28 

28 
28 
28 

Grams. 
206 
206 
206 
206 
206 
206 

167 

150 
150 
150 
150 
150 

138 
138 
138 
138 
138 

151 
151 
151 
151 
151 
151 

Inches. 
4 
1 
3 
2 
3 
3 

Did  not  explo<le. 

F 

Exploded . 
Did  not  explode. 
Exploded 
Did  not  explode. 
Do. 

Incomplete  detona- 

G                                 

3 
1 
2 
3 
3 

3 
1 
2 
2 
2 

3 
1 
2 
2 
3 
3 

tion. 
Did  not  explode. 

■ 
H  (this  test  not  made,  as  explosive  failed  to  deto- 
nate completely  in  flame  test). 

I.                

Exploded. 

Do. 
Did  not  explode. 

Do. 

f)o. 

J.              

Exploded. 

Did  not  explode. 

Do. 

Do. 

Do. 

Exploded. 
Did  not  explode. 
Exploded. 
Did  not  explode. 
Do. 

The  minimum  distance  at  which  no  explosion  occurs  established  as  follows: 

Inches. 

Explosive  E 3 

Explosive  G 3 

Explosive  1 2 

Explosive  J 3 


EESULTS   OF    TESTS   WITH    SIX   FOREIGN   EXPLOSIVES. 
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Theoretical  Maximum  Pressure  Developed  in  Own  Volume,  as  Determined 
BY  BicHEL  Pressure  Gage. 

Indicator  spring,  0.32  millimeter=l  kilogram  per  square  centimeter. 


Explosive. 

Date 
(1912). 

Test 
No. 

Charge.a 

Specific 
gravity. 

Height  of 
curve. 

Pressure 
per  square 
centimeter. 

Cooling 
surface. 

Average 

pressure 

per  square 

centimeter. 

Grams. 

Millimeters. 

Kilograms. 

Kilograms. 

E 

July     8 

8 

P  887 

210 

1.28 

26.00 

81.25 

A 

P  888 

210 

1.28 

26.00 

81.25 

A 

\           79. 95 

8 

P  891 

210 

1.28 

24.75 

77.34 

A 

8 

PP  1137 

210 

1.28 

24.25 

75.78 

B 

1 

8 

PP  1139 

210 

1.28 

23.50 

73.44 

B 

[            74. 74 

9 

PP  1141 

210 

1.28 

24.00 

75.00 

B 

9 

PP  1142 

210 

1.28 

23.50 

73.44 

C 

^ 

9 

PP  1143 

210 

1.28 

23. 00 

71.88 

C 

[            72. 66 

9 

PP  1144 

210 

1.28 

23.25 

72.66 

C 

F 

10 
10 

P  892 
P  894 

206 
206 

1.04 
1.04 

23.00 
23.00 

71.88 
71.88 

A 
A 

. 

[           71.88 

10 

P  896 

206 

1.04 

23.00 

71.88 

A 

10 

PP  1149 

206 

1.04 

22.25 

69. 53 

B 

1 

10 

PP  1151 

206 

1.04 

21.75 

67.97 

B 

[           68.23 

10 

PP  1152 

206 

1.04 

21.. 50 

07.19 

B 

9 

PP  1146 

206 

1.04 

21.00 

65.62 

C 

1 

9 

PP  1147 

206 

1.04 

20.  .50 

64.06 

C 

\           64.06 

9 

PP  1148 

206 

1.04 

20.00 

62.50 

C 

I 

G 

11 
11 

P  897 
P  898 

213 
213 

.93 
.93 

38.75 
38.75 

121.09 
121.09 

A 
A 

1 

\          120.57 

11 

P  899 

213 

.93 

38.25 

119.53 

A 

J 

11 

PP  1153 

213 

.93 

35.50 

110.94 

B 

1 

11 

PP  1154 

213 

.93 

35.50 

110.94 

B 

\          110.94 

11 

PP  1155 

213 

.93 

35.50 

110.94 

B 

J 

11 

PP  1156 

213 

.93 

34.75 

108.59 

C 

1 

11 

PP  1157 

213 

.93 

34.50 

107. 81 

C 

\          107.81 

12 

PP  1158 

213 

.93 

34.25 

107. 03 

C 

1 

H 

12 
13 

P  900 
P  902 

210 
210 

1.03 
1.03 

36. 75 
37.00 

114.84 
115. 62 

A 
A 

115.36 

13 

P  903 

210 

1.03 

37.00 

115.62 

A 

12 

PP  1162 

210 

1.03 

34.50 

107. 81 

B 

12 

PP  1164 

210 

1.03 

34.50 

107.81 

B 

108. 07 

13 

PP  1165 

210 

1.03 

34.75 

lOS.  59 

B 

12 

PP  1159 

210 

1.03 

33.00 

103. 12 

C 

12 

PP  1160 

210 

1.03 

33.50 

104. 69 

C 

104.95 

12 

PP  1161 

210 

1.03 

34.25 

107. 03 

C 

I 

19 
20 

P  910 
P  911 

210 
210 

.86 
.86 

37.  .W 
38.00 

117.19 
118.75 

A 
A 

116.67 

20 

P  912 

210 

.86 

36.50 

114.06 

A 

16 

PP  1166 

210 

.86 

32.75 

102. 34 

B 

16 

PP  1167 

210 

.86 

32.75 

102. 34 

B 

103. 12 

16 

PP  1168 

210 

.86 

33.50 

104. 69 

B 

16 

PP  1169 

210 

.86 

32.25 

100.  78 

C 

16 

PP  1170 

210 

.86 

31.25 

97.66 

C 

100.00 

16 

PP  1171 

210 

.86 

32.50 

101.56 

C 

J 

IS 
18 

P  907 
P  90S 

208 
208 

.94 
.94 

36.00 
37.00 

112.50 
115. 62 

A 
A 

114.84 

18 

P  909 

208 

.94 

37.25 

116. 41 

A 

17 

PP  1175 

208 

.94 

32.25 

100.78 

B 

17 

PP  1176 

208 

.94 

33.50 

104. 69 

B 

102.60 

17 

PP  1177 

208 

.94 

32.75 

102. 34 

B 

17     PP  1172 

208 

.94 

32.00 

100. 00 

C 

17     PP  1173 

208 

.94 

32.00 

100.00 

c 

100.52 

17 

PP  1174 

208 

.94 

32.50 

101.56 

c 

0.  Charge  consists  of  200  grams  of  explosive  ingredient  plus  the  proportionate  amount  of  the  original 
wrapper. 

Computations  for  the  respective  explosives,  established  as  the  result  of  the  above 
tests,  were  as  follows: 


Explosive  E:  P=1.911A+0.5B-1.4nC=87.G3  kilograms  per  square   centimeter. 

V=15,000  cubic  contimeters.     8=1.28.     W=210  grams 
per  square  centimeter  (113,900  pounds  per  square  inch) 


VPS 
M=-m-=8,012    kilograms 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 


Explosive  F:  P=1.911A+0.5B  — 1.411C=81.09  kilograms  per  square  centimeter. 

VPS 

V=15,000  cubic  centimeters.     S=1.04.     W= 206  grams.     M=-^=6,141    kilograms 

per  square  centimeter  (87,340  pounds  per  square  inch). 

Explosive  G:  P=1.911A+0.5B  — 1.4110  =  133.76  kilograms  per  square  centimeter. 

VPS 
V=15,000  cubic  centimeters.     S=0.93.     W =2 1:3  grams.     M=-^=8,760    kilograms 

per  square  centimeter  (124,600  pounds  per  square  inch). 

Explosive  H:  P=1.911A+0.5B-1.411C=126.40  kilograms  per  square  centimeter. 

VPS 
V=15,000  cubic  centimeters.     S=1.03.     W=210  grams.     M=-^=9,299    kilograms 

per  square  centimeter  (132,260  pounds  per  square  inch). 

Explosive  I:  P=1.911A+0.5B  — 1.411C=133.42  kilograms  per  square  centimeter. 

VPS 
V=15,000  cubic  centimeters.     S=0.86.     W=210  grams.     M=-^=8,196   kilograms 

per  square  centimeter  (116,570  pounds  per  square  inch). 

Explosive  J:  P=1.911A+0.5B  — 1.4110=128.93  kilograms  per  square  centimeter. 

VPS 
V=15,000  cubic  centimeters.     S=0.94.     W= 208  grams.     M=-^=8,740    kilograms 

per  square  centimeter  (124,310  pounds  per  square  inch). 
Pendulum  Friction  Test. 


Explo- 
sive. 

Date 
(1912). 

Test 
No. 

Charge  on 

grooved 

steel 

plate. 

Weights 
used. 

Distance 
of  fall. 

Kind  of 
shoe. 

Result. 

E 

Mar.  14 

r  211 

Grams. 

Kilograms. 
20 

Meters. 

Steel.... 

Explosion  in.  first  of  10  trials 
(180  swings). 

E 

Apr.     4 

U  222 

7 

20 

n 

Fiber... 

No  explosion  or  burning  in  10 
trials  (180  swings),  but  local 
cracking  in  second  and  fourth 
trials.a 

F 

Mar.  14 

U  212 

7 

20 

li 

Steel.... 

Explosion  in  fourth,  fifth,  sev- 
enth, and  ninth  of  10  trials 
(180  swings). 

F 

Apr.     4 

U  22."? 

7 

20 

n 

Fiber. . . 

Explosion  in  eighth  of  10  trials 
(180  swings). 

G 

...do.... 

U  218 

7 

20 

n 

Steel 

No  explosion  or  burning  in  10 
trials  (ISO  swings),  but  local 
cracking  in  third  and  ninth 
trials.a 

H 

...do  .... 

U  219 

7 

20 

^ 

Steel.... 

No  explosion  or  bumirig  in  10 

trials  (180  swings),  but  local 
cracking  in  seventh  trial." 

I 

...do.... 

U  220 

7 

20 

ij 

Steel 

No  explosion  or  burning  in  10 

trials  (ISO  swings),  but  local 
cracking  in  second,  fifth, 
eighth,  and  ninth  trials.a 

J 

...do.... 

U  221 

7 

20 

u 

Steel .... 

No  explosion  or  burning  in  10 

trials  (ISO  swings),  but  local 
cracking  in  first,  fourth,  sev- 
enth, and  tenth  trials." 

"  Scarcely  audible. 
Explosives  E  and  F  failed  to  pass  this  test. 


RESULTS    OF    TESTS    WITH    SIX    FOREiaN    EXPLOSIVES. 
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Friction  tests  were  made  with  the  six  foreign  explosives  under 
conditions  simulating  those  prevailmg  in  England.  Approximately 
10  grams  of  each  explosive  was  spread  I  inch  thick  on  a  wooden 
block  and  struck  10  glancmg  blows  with  a  rawhide  mallet.  Sharp 
crackmg  occurred  with  explosives  E  and  F  but  no  audible  cracking 
was  noted  when  the  other  explosives  were  tested.  It  is  worthy  of 
note  that  in  no  instance  did  a  complete  explosion  occur,  but  when 
tested  with  the  pendulum  friction  machine  explosives  E  and  F 
detonated  completely. 

LEVIIT  CHARGE  WITH  VARIOUS  GAS  AND  AIR  MIXTURES. 

The  following  tabulations  show  the  lunit  charges  established  with 
the  foreign  explosives  E,  G,  I,  and  J  when  fired  in  the  presence  of 
various  gas  and  air  mixtures.  No  stemming  was  used  in  any  of  the 
tests,  but  tests  were  made  with  different  loading  densities  in  the 
bore  of  the  cannon. 

Limit  Charge  Tests  with  Explosive  E. 

(Chaining  density  of  1.) 
Test  in  gas  inixture  containing  5  per  cent  gas. 


Date  (1912). 


July  2r, 
"Do 
Do 
Do 
Do 
Do 

July  27 
'Do 
Do 

July  29 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

400 

5.14 

400 

5.11 

500 

5.13 

000 

5.22 

700 

5.23 

800 

5.03 

900 

5.11 

1,000 

5.04 

900 

5.16 

800 

5.19 

Result. 


No  ignition. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Ignition. 

Do. 

Do. 


Date  (1912). 


July  29 
Do 

July  30. 
Do 
Do 

Aug.  1. 
Do 
Do 
Do 


Weight 

Methane 

of 

and 

charge. 

ethane. 

Grams. 

Per  cent. 

700 

5.06 

750 

5.00 

7C10 

4.97 

700 

5.01 

600 

4.94 

650 

5.22 

600 

5.07 

600 

5.01 

600 

4.91 

Result. 


No  ignition. 
Ignition. 
No  ignition. 
Ignition. 
No  ignition. 
Ignition. 
No  ignition. 

Do! 


Limit  chaise  established  at  600  grams  for  explosive  E  when  fired  with  a  charging 
density  of  1  in  the  presence  of  a  5  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  6  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Julvl 

July  10 

Do. 

July  12 

July  13- 

July  15- 

July  16- 

Grams. 
.50 
200 
400 
200 
250 
300 
350 

Per  cent. 
6.04 
5.97 
6.17 
5.95 
6.18 
6.25 
5.93 

No  ignition. 

Ignition. 
No  ignition. 

Do. 

Do. 

Do. 

July  16 

Do 

Do 

July  17 

Do 

Do 

Grams. 
200 
150 
1.50 
150 
150 
1.50 

Per  cent. 
6.02 
6.00 
6.0<) 
6.28 
6.25 
6.14 

Ignition. 
No  ignition. 

Do. 

Do. 

Do. 

Do. 

Limit  charge  established  at  150  grams  for  explosive  E  when  fired  with  a  charging 
density  of  1  in  the  presence  of  a  6  per  cent  gas  mixture. 
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TESTS   OF   PEEMISSIBLE   EXPLOSIVES. 
Test  in  gas  mixture  containing  7  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Uesnlt. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

June  28 

Julyl 

July2 

Grams. 
100 
50 
50 

Per  cent. 
6.99 
fi.94 
0.82 

Ignition. 
No  ignition. 

July  2 

Do 

Do 

Grams. 
50 
50 
50 

Per  cent. 
7.21 
0.92 
0.97 

No  ignition. 
Do! 

Limit  charge  established  at  50  grams  for  explosive  E  when  fired  with  a  charging 
density  of  1  in  the  presence  of  a  7  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  8  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 
and 

ethane. 

Result. 

June  27 

Do 

June  28 

Grams. 
50 
60 
50 

Per  cent. 
7.99 

8.17 
8.09 

No  ignition. 
Do! 

June  28 

Do 

Grams. 
50 
50 

Per  cent. 
7.94 
7.  00 

No  ignition. 
Ignition. 

Limit  charge  established  at  0  gram  for  explosive  E  wlien  fired  with  a  charging 
density  of  1  in  the  presence  of  an  8  per  cent  gas  mixture . 

Test  in  gas  mixture  containing  8^  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

June  27 

Do 

Do 

Grams. 
200 
150 
100 

Per  cent. 
8.25 
8.37 

8.85 

Ignition. 
Do. 
Do. 

June  27 

Do 

June  28 

Grams.  • 
50 
50 
50 

Per  cent. 
8.45 
8.52 
7. 00 

No  ignition. 

Do. 
Ignition. 

Limit  charge  established  at  0  gram  for  explosive  E  when  fired  with  a  charging 
density  of  1  in  the  presence  of  an  8 J  per  cent  gas  mixture. 


Test  in 

gas  mixture  containing  9  per  cent  gas 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

June  27 

Grams. 

51 

Per  cent. 
8.80 

No  ignition. 

July  18 

Grams. 
50 

Per  cent. 
8.99 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  E  when  fired  with  a  charging 
density  of  1  in  the  presence  of  a  9  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  10  per  cent  gas. 


Date  (1912). 

Weight     Methane 

of             and 
cliarge.      ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

July20 

July  18 

Do 

Grams. 
100 
50 
50 

Per  cent. 

9.83 
9.  m 
10.09 

Ignition. 
-N'o  ignition. 
Do. 

July  22 

July  2:5 

Do 

Grams. 

50 
50 

Per  cent. 
10.14 
9.93 
10. 14 

No  ignition. 
Do. 
Do. 

Limit  charge  established  at  50  grams  for  explosive  E  wlicii  fired  with  a  charging 
density  of  1  in  the  presence  of  a  10  per  cent  gas  mixture. 


RESULTS   OF   TESTS   WITH    SIX   FOREIGN   EXPLOSIVES. 

Limit  Charge  Tests  with  Explosive  G. 

(Charging  density  of  1.) 
Test  in  gas  mixture  containing  5  per  cent  gas. 
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Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

July  24 

Do 

July  25 

Do 

Grams. 
200 
100 
50 
50 

Per  cent. 
5.19 
4.89 
4.97 
5.10 

Ignition. 

Do. 
No  ignition. 

Do. 

July  25 

Do 

Do 

Grams. 
50 
50 
50 

Per  cent. 
5.23 

4.84 
5.09 

No  ignition. 
Do! 

Limit  charge  established  at  50  grams  for  explosive  G  when  fired  with  a  charging 
density  of  1  in  the  presence  of  a  5  per  cent  gas  mixture. 

On  July  1,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  6.23  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at  0 
gram  when  fired  with  a  charging  density  of  1  iu  the  presence  of  a  6  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  7  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

July  11 

Do 

Grams. 
50 
100 

Per  cent. 

G.S7 
G.7G 

No  ignition. 
Ignition. 

July  11 

Grams. 
50 

Per  cent. 
7.03 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  G  when  fired  with  a  charging 
density  of  1  in  the  presence  of  a  7  per  cent  gas  mixture. 

On  July  1,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.03  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at  0 
gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  an  8  per  cent  gaa 
mixture. 

Test  in  gas  mixture  containing  5J^  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

June  25 

Grams. 
100 

Per  cent. 
8.51 

Ignition. 

June  25 

Grams. 
50 

Per  cent. 

8.42 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  G  when  fired  with  a  charging 
density  of  1  in  the  presence  of  an  8^  per  cent  gas  mixture. 

On  July  17,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  9.17  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at  0 
gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  a  9  per  cent  gas  mixture. 

On  July  18,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  10.16  per 
cent  methane  and  ethane.  Result:  Ignition.  Tlie  limit  charge  was  established  at  0 
gram  when  fired  with  a  charging  density  of  1  iu  the  presence  of  a  10  per  cent  gaa 
mixture. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

liiMiT  Charge  Tests  with  Explosive  I. 

(Charging  density  of  1.) 
Test  in  gas  mixture  containing  6  per  cent  gas. 


Date  (1912). 

Weight     Methane 

of             and 
charge.      ethane. 

Result. 

1 
Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

July  8 

Do 

Do 

Do 

Do 

July9 

Do 

Do ■. 

Grams. 
50 
100 
150 
150 
200 
250 
300 
350 

Per  cent. 
6.22 
5.95 
6.30 
6.28 
5.99 
6.29 
6.13 
6.35 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

July9 

Do 

Do 

Do 

July  23 

July -24 

Do 

Grams. 
400 
500 
600 
700 
800 
900 
1,000 

Per  cent. 
5.99 
6.16 
6.26 
5.47 
5.75 
6.04 
6.06 

No  ignition. 
Do. 
Do. 
Do. 
Do. 
Do. 
Do. 

Limit  charge  established  at  1,000  grams  (the  capacity  of  the  cannon)  for  explosive  I 
when  fired  with  a  charging  density  of  1  in  the  presence  of  a  G  per  cent  gas  mixture. 

On  July  3, 1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  7.20  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  a  7  per  cent  gas 
mixture. 

On  June  29,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.02  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  an  8  per  cent  gas 
mixture. 

On  June  25,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.72  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  an  8^  per  cent  gas 
mixture. 

On  July  18,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixtm-e  containing  8.80  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  a  9  per  cent  gas 
mixture. 

Test  in  gas  mixture  containing  10  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

July  22 

July  23 

Grams. 
50 
50 

Per  cent. 

10.25 
10.30 

No  ignition.a 
Do.o 

July  23 

Grams. 
50 

Per  cent. 

9.86 

No  ignition,  a 

a  Incomplete  detonation;  tests  discontinued. 

Limit  charge  established  at  0  gram  for  explosive  I  when  fired  with  a  charging  den- 
sity of  1  in  the  presence  of  a  10  per  cent  gas  mixture. 

Limit  Charge  Tests  with  Explosive  J. 

(Charging  density  of  1.) 
Test  in  gaji  mixture  containing  5  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and              Result, 
ethane. 

July  26 

Do 

Do 

Do 

Grams. 
200 
300 
400 
500 

Per  cent. 

4.85 
4.83 
4.92 
5.04 

No  ignition. 
Do. 
Do. 

Do. 

July  27 

Do 

July  29 

Grams. 

700 

900 

1,000 

Per  cent. 
5.17 
5. -20 
5.10 

No  ignition. 
Do. 
Do. 

RESULTS   OF   TESTS   WITH    SIX   FOREIGN   EXPLOSIVES. 
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Limit  charge  established  at  1,000  grams  (the  capacity  of  the  camion)  for  explosive  J 
when  fired  with  a  charging  density  of  1  in  the  presence  of  a  5  per  cent  gas  roixtnre. 

On  July  6,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  6.24  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  a  6  per  cent  gas 
mixture. 

Test  in  gas  mixture  contmning  7  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

1 

Weight     Methane 

of             and 
charge.   |  ethane. 

Result. 

Jiilv  5 

"Do 

Grams. 
50 
100 

Per  cent. 
7.05 
7.09 

No  ignition. 
Ignition. 

July  5 

Grams. 
50 

Per  cent. 
6.94 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  J  when  fired  with  a  charging  den- 
sity of  1  in  the  presence  of  a  7  per  cent  gas  mixture. 

On  June  26,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.23  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  an  8  per  cent  gaa 
mixture. 

Test  in  gas  mixture  containing  9  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

July  17 

Grams. 
50 

Per  cent. 

9.21 

No  ignition. 

July  17 

Grams. 

50 

Percent. 

S.  80 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  J  when  fired  with  a  charging  den- 
sity of  1  in  the  presence  of  a  9  per  cent  gas  mixture. 

On  July  18,  1912,  a  oO-gram  charge  was  fired  into  a  gas  mixture  containing  9.97  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  with  a  charging  density  of  1  in  the  presence  of  a  10  per  cent  gaa 
mixture. 

Limit  Charge  Tests  with  Explo.sive  E. 

(Charge  air  spaced.) 

Test  in  gas  mixture  containing  5  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight     Methane 

of       1      and 
charge.   ,  ethane. 

Result. 

July  30 

Do 

Do 

July  31 

Do 

Do 

Grams. 
650 
600 
550 
400 
450 
450 

Per  cent. 
5.08 
4.89 
4.89 
5.13 
5.15 
5.09 

Ignition. 

Do. 

Do. 
No  ignition. 

Do. 

Do. 

July  31 

Do 

Do 

Do 

Do 

Grams. 
450 
400 
400 
400 
400 

Percent. 
4.85 
5.17 
5.14 
5.12 
5.03 

Ignition. 
No  ignition. 

Do! 
Do. 

Limit  charge  established  at  400  grams  for  explosive  E  when  fired  air  spaced  in  the 
presence  of  a  5  per  cent  mixture. 
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TESTS   OF   PERMISSIBLE   EXPLOSIVES. 

Test  in  gas  mixture  containing  S  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

July  10 

Do 

July  11 

Do 

Do 

July  12 

Do 

Do 

Do 

Do 

Grams. 
400 
250 
300 
350 
350 
350 
350 
250 
250 
300 

Per  cent. 
6.04 
6.14 
6.14 
6.13 
6.21 
6.11 
0.08 
5.91 
6.16 
6.09 

Ingitlon. 
No  ignition. 

Do. 

Do. 

Do. 

Do. 
Ignition. 
No  ignition. 

Do. 
Ignition. 

July  12 

July  13 

Do 

Do 

Do 

Do 

July  15 

Do 

July  17 

Grams. 
250 
200 
200 
200 
150 
150 
150 
150 
150 

Per  cent. 
6.92 
6.02 
6.23 
6.09 
6.14 
6.36 
6.22 
6.27 
6.07 

Ignition. 
No  ignition. 

Do. 
Ignition. 
No  ignition. 

Do. 

Do. 

Do. 

Do. 

Limit  charge  established  at  150  grams  for  explosive  E  when  fired  air  spaced  in  the 
presence  of  a  6  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  7  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

July  2 .. 

Do 

Do 

Grams. 
100 
100 
150 

Per  cent. 
6.75 
6.83 
6.68 

No  ignition. 

Do. 
Ignition. 

July  2 

Do 

Do 

Grams. 
100 
100 
100 

Per  cent. 
7.13 
7.09 
7.11 

No  ignition. 
Do. 
Do. 

Limit  charge  established  at  100  grams  for  explosive  E  when  fired  air  spaced  in  the 
presence  of  a  7  per  cent  gas  mixture. 

On  June  28,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.10 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established 
at  0  gram  when  fired  air  spaced  in  the  presence  of  an  8  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  9  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

July  18 

Grams. 
50 

Per  cent. 
9.00 

No  ignition. 

July  18 

Grams 
50 

Per  cent. 
8.96 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  E  when  fired  air  spaced  in  the 
presence  of  a  9  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  10  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

■Result. 

Date  (1912). 

Weight 

of 
charge. 

Methane 

and 
ethane. 

Result. 

July  19 

July20 

Do 

July  22 

Grams. 

150 
100 
50 
100 

Per  cent. 
9.63 
9.42 
9.94 
10.22 

Ignition. 
Do. 
No  ignition. 
Ignition. 

July  22 

Do 

Do 

Do 

Grams. 

50 
50 
50 
,50 

Per  cent. 
10. 08 
10.19 
10.03 
10.21 

No  ignition. 
Do. 
Do. 
Do. 

Limit  charge  established  at  50  gram.s  for  explosive  E  when  lired  air  spaced  in  the 
presence  of  a  10  per  cent  gas  mixture. 


RESULTS   OF    TESTS   WITH    SIX   FOREIGN   EXPLOSIVES. 
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Limit  Charge  Tests  with  Explosive  G. 

(Charge  air  spaced.) 
Test  in  gas  mixUire  containing  5  per  cenl  gas. 


Weight 

Methane 

Weight 

Methane 

Date  (1912). 

of 

and 

Result. 

Date  (1912). 

of 

and 

Result. 

charge. 

ethane. 

charge. 

ethane. 

Grams. 

Per  cent. 

Grams. 

Per  cent. 

Julyi.') 

100 

4.92 

No  ignition. 

July  25 

50 

5.04 

No  ignition. 

Do 

150 

4.S5 

Do. 

Do 

50 

5.19 

Do. 

Do 

200 

5.10 

Ignition. 

Do 

50 

4.90 

Do. 

Do 

150 

5.28 

Do. 

Do 

50 

5.23 

Do. 

Do 

100 

5.00 

No  ignition. 

Do 

50 

5.11 

Do. 

Do 

100 

5.14 

Ignition. 

Limit  charge  established  at  50  grams  for  explosive  G  when  fired  air  spaced  in  the 
presence  of  a  5  per  cent  gis  mixture. 

On  July  1,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  6.00  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  6  per  cent  gas  mixture. 

On  July  11,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  6.81  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  7  per  cent  gas  mixture. 

On  July  1,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  7.54  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  an  8  per  cent  gas  mixture. 

On  June  25,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.43 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established 
at  0  gram  when  fired  air  spaced  in  the  presence  of  an  8?7  per  cent  gas  mixture. 

On  July  17,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.97  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  9  per  cent  gas  mixture. 

On  July  23,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  9.99  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  10  per  cent  gas  mixture. 

Limit  Charge  Tests  With  Explosive  I. 
(Charge  air  spaced.) 
On  July  30,  1912,  a  1,000-gram  charge  was  fired  into  a  gas  mixture  containing  5.95 
per  cent  methane  and  ethane.     Result:  No  ignition.     The  limit  charge  was  estab- 
lished at  1,000  grams  (the  capacity  of  the  cannon)  when  fired  air  spaced  in  the  pres- 
ence of  a  6  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  7  per  cent  gas. 


Date  (1912). 

Weight 

of 
charge. 

Methane  1 

and      i         Result, 
ethane.   : 

Weight 
Date  (1912).           of 

!  charge. 

Methane 

and 
ethane. 

Result. 

July  3 

Grams. 
50 
50 
100 
200 
150 

Per  cent. 
6.81 
7.14 
7.02 
6.61 
6.92 

No  ignition. 

Do. 

Do. 
Ignition. 
No  ignition. 

July  5 

Do 

Do 

Do 

Grams. 
150 
150 
1.50 
150 

Per  cent. 
7.(K) 
7.05 
7.2:3 

7.04 

No  ignition. 

Do! 
Do. 

Do 

Do 

Do 

Do 

Limit  charge  established  at  150  grams  for  explosive  I  when  fired  air  spaced  in  the 

presence  of  a  7  per  cent  gas  mixture. 
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Test  in  gas  mixture  containing  8  per  cent  gas. 


Dale  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Julv  1                              •. , 

Grams. 
50 
50 

Per  cerU. 
7.83 
8.04 

No  ignition. 

■  Do                   1 

Ignition. 

Limit  charge  established  at  0  gram  for  explosive  I  when  fired  air  spaced  in  the  pres- 
ence of  an  8  per  cent  gas  mixture. 

On  June  26,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.58 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  estab- 
lished at  0  gram  when  fired  air  spaced  in  the  presence  of  an  8^  per  cent  gas  mixture. 

On  July  18,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.93  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  9  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  10  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

July  22 

Grams. 
150 
50 

Per  cent. 
9.91 
10.00 

Ignition. 

July  23                           

Do. 

Limit  charge  established  at  0  gram  for  explosive  I  when  fired  air  spaced  in  the  pres- 
ence of  a  10  per  cent  gas  mixture. 

Limit  Charge  Tests  with  Explosive  J. 

(Charge  air  spaced.) 

On  July  30,  1912,  a  1,000-gram  charge  was  fired  into  a  gas  mixture  containing  4.88 
per  cent  methane  and  ethane.  Result:  No  ignition.  The  limit  charge  was  estab- 
lished at  1,000  grams  (the  capacity  of  the  cannon)  when  fired  air  spaced  in  the  pres- 
ence of  a  5  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  6  per  cent  gas. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

July  6 

Julys 

Do 

Grams. 
100 
50 
50 

Per  cent. 
6.15 
6.07 
5.95 

Ignition. 
No  ignition. 

Julys 

Do 

Do 

Grams. 
50 
50 
50 

Per  cent. 
6.21 
6.31 
6.14 

No  ignition. 
Do. 
Do. 

Limit  charge  established  at  50  grams  for  explosive  J  when  fired  air  spaced  in  the  pres- 
ence of  a  6  per  cent  gas  mixture. 
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Test  in  gas  mixture  containing  7  per  cent  gus. 


Date  (1912). 

Weight 
charge. 

Methane 

and 
ethane. 

Result. 

Jaly  6  

Grams. 
100 
50 
50 

Per  cent. 
6.81 
6.90 
6.79 

Ignition. 
No  ignition. 
Ignition. 

Do 

Do 

Limit  charge  established  at  0  gram  for  explosive  J  when  fired  air  spaced  in  the  pres- 
ence of  a  7  per  cent  gas  mixture. 

On  August  26,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  7.90 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established 
at  0  gram  when  fired  air  spaced  in  the  presence  of  an  8  per  cent  gas  mixture. 

On  Jime  26,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  8.55 
per  cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  estab- 
lished at  0  gram  when  fired  air  spaced  in  the  presence  of  an  8J  per  cent  gas  mixture. 

On  July  17,  1912,  a  50-gram  charge  was  fired  into  a  gas  mixture  containing  9.01  per 
cent  methane  and  ethane.  Result:  Ignition.  The  limit  charge  was  established  at 
0  gram  when  fired  air  spaced  in  the  presence  of  a  9  per  cent  gas  mixture. 

Test  in  gas  mixture  containing  10  per  cent  gas. 


Date  (1912). 


July  18. 
July  23. 


Weight 

of 
charge. 


Grams. 
50 
50 


Methane 

and 
ethane. 


Per  cent. 
9.72 
10.55 


Result. 


Ignition. 
Do. 


Limit  charge  established  at  0  gram  for  explosive  J  when  fired  air  spaced  in  the  pres- 
ence of  a  10  per  cent  gas  mixture. 

It  is  to  be  noted  that  the  limit  charge  established  with  aU  of  the 
foreign  explosives  tested  in  the  presence  of  8,  8^,  and  9  per  cent  gas 
mLxtiircs  is  0  gram,  even  though  the  explosive  was  loaded  with  differ- 
ent charging  densities  (figs.  3,  4,  5,  6). 

When  these  explosives  were  fired  in  the  presence  of  10  per  cent  gas 
the  highest  limit  charge  established  was  50  grams  (explosive  E).  The 
conditions  of  loading  in  the  cannon  were  apparently  not  a  factor  in 
the  limit  charge  established. 

When  the  explosives  were  fired  in  the  presence  of  7  per  cent  gas  the 
limit  charge  established  was  0  gram  for  explosives  G  and  J.  The  limit 
charge  established  for  explosive  I  was  0  gram  when  loaded  with  a  den- 
sity of  1 ,  and  150  grams  when  loaded  au'  spaced.  Explosive  E  also  gave 
a  higher  limit  charge  when  loaded  air  spaced  than  when  loaded  with  a 
density  of  1,  namely,  100  and  50  grams,  respectively. 

When  the  explosives  were  fired  in  the  presence  of  6  per  cent  gas  the 
limit  charge  established  for  explosive  G  was  0  gram,  and  1,000  gjams 
for  explosive  I,  the  results  being  the  same  irrespective  of  the  chargiag 
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RERCEKTAGE  OF  GAS 

Charge  loaded  with  density  of  1. 

Charge  air  spaced. 

. Both. 

Figure  3.— Foreign  explosive  E.  Limit  charge  established  with  various  gas  percentages.  Composition 
of  explosive:  Moisture,  0.17;  dinitrotoluene,  17.85;  potassium  chlorate,  75.36;  castor  oil,  5.32;  mononitro- 
naphthalene,  1.30;  total  100. 
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— Charge  loaded  with  density  of  1. 

Charge  air  spaced. 

. Both. 

Figure  4.— Foreign  explosive  G.  Limit  charge  established  with  various  gas  percentages.  Composition 
of  explosive:  Moisture,  0.52;  nitroglycerin,  8.13;  ammonium  nitrate,  82.11;  nitrotoluene,  3.57;  wood 
pulp,  4.30;  castor  oil,  0.81;  nitrocellulose,  0.56;  total,  100, 
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Figure  5.— Foreign  explosive  I.    Limit  charge  established  with  various  gas  percentages.    Composition 
of  explosive:  Moisture,  0.06;  ammonium  nitrate,  91.43;  potassium  nitrate,  3.50;  rosin,  5.01;  total,  100. 
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Charge  loaded  with  density  of  1. 

Charge  air  spaced . 

— Both. 

Figure  ti.— Foreign  explosive  J.    Limit  charge  established  with  various  gas  percentages.    Composition 
of  explosive:  Moisture,  0.45;  ammonium  nitrate,  90.50;  trinitrotoluene,  4.82;  flour,  4.23;  total,  100. 
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density.  Explosive  J  gave  a  limit  ohaigo  of  50  grams  wliou  aii- spaced, 
and  0  gram  when  loaded  with  a  density  of  1 .  The  limit  charge  estab- 
lished for  explosive  E  was  150  grams  when  loaded  air  spaced  and  also 
when  loaded  with  a  charging  density  of  1 . 

Wlien  the  explosives  were  fired  in  the  presence  of  5  per  cent  gas, 
50  grams  was  established  as  the  limit  charge  for  explosive  G,  and  1 ,000 
grams  for  explosive  J.  The  same  results  were  obtained  when  loaded 
with  different  charging  densities.  Six  hundred  grams  was  established 
as  the  limit  charge  for  explosive  E  when  loaded  with  a  density  of  1 ,  and 
400  grams  was  established  when  loaded  air  spaced. 

APPENDIX. 

BTJREATJ  OF  MINES  TESTS  OF  EXPLOSIVES. 

CONDITIONS   UNDER   WHICH   EXPLOSIVES    ARE   TESTED. 

The  conditions  under  which  the  Bureau  ol'  Mines  tests  explosi^'es  to  determine 
whether  they  shall  be  placed  on  its  list  of  permissible  explosives  are  as  follows: 

1.  The  manufacturer  is  to  deliver  to  the  Bureau  of  Mines,  Fortieth  and  Butler 
Streets,  Pittsburgh,  Pa.,  three  weeks  prior  to  the  date  set  for  tests,  100  pounds  of  each 
explosive  that  he  desires  to  have  tested.  He  is  to  be  responsible  for  the  care,  handling, 
and  delivery  of  this  material  to  the  experiment  station,  and  he  is  to  have  a  representa- 
tive present  during  the  tests  if  he  so  desires.  In  order  to  avoid  duplication  of  work, 
it  is  requested  that  the  smallest  size  of  cartridge  that  the  manufacturer  intends  to  place 
on  the  market  be  sent  for  these  tests. 

2.  The  manufacturer  wall  be  required  to  pay  fees  for  tests  of  explosives  as  outlined  in 
Schedule  1«  of  the  Biu*eau  of  Mines.  This  schedule  may  be  procured  from  the 
Director  of  the  Biu-eau  of  Mines,  Washington,  D.  C. 

3.  No  one  is  to  be  present  at  or  participate  in  these  tests  except  the  necessary  Gov- 
ernment officers  at  the  experiment  station,  their  assistants,  and  the  representative 
of  the  manufacturer  of  the  explosives  to  be  tested. 

4.  The  tests  will  be  made  in  the  order  of  the  receipt  of  the  appUcations  for  them, 
provided  the  necessary  quantity  of  the  explosive  is  delivered  at  the  testing  station  by 
the  date  set,  of  which  date  due  notice  will  be  given  by  the  Bureau  of  Mines. 

5.  A  list  of  the  explosives  that  pass  certain  requirements  satisfactorily  will  be  fur- 
nished to  State  mine  inspectors  and  will  be  made  public  in  such  other  manner  as  may 
be  considered  desirable. 

6.  The  details  of  results  of  tests  are  to  be  considered  confidential  by  the  manufac- 
turer and  are  not  to  be  made  public  prior  to  oSicial  publication  by  the  Bureau  of  Mines. 

7.  From  time  to  time  field  samples  of  permissible  exj^losives  will  be  collected,  and 
tests  will  be  made  of  these  explosives  as  they  are  supplied  for  use  in  coal  mines  in  the 
various  States.  Field  samples  when  collected  in  original  containers  will  not  only  be 
retested  for  their  permissibility,  but  the  analysis  of  each  ingredient  of  the  explosive 
must  agree,  within  a  reasonable  variation,  to  the  results  obtained  with  the  original 
sample  submitted  for  tests. 

TEST   REQUIREMENTS    FOR    PERMISSIBLE    EXPLOSIVES. 

The  tests  will  be  made  by  the  engineers  of  the  Bureau  oi  Mines  in  gas  and  dust 
gallery  No.  1  at  Pittsburgh,  Pa.,  or  in  one  of  its  identical  galleries.  The  charge  of 
explosive  to  be  fired  in  tests  1  and  3  shall  be  equal  in  deflective  i>ower,  as  determine<l 

a  P'ces  for  testing  explosives  and  conditions  and  requirements  under  which  explosives  are  tested.  1911. 
0  pp. 
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by  the  ballistic  pendulum,  to  one-half  pound  (227  graiun)  of  40  per  cent  nitroglycerin 

dynamite  in  its  original  wrapper,  of  the  following  formula: 

Per  cent. 

Nitroglycerin 40 

Nitrate  of  soda  (sodium  nitrate) 44 

Wood  pulp 15 

Carbonate  of  lime  (calcium  carbonate) 1 

100 

Each  charge  shall  be  fired  with  an  electric  detonator  (exploder  or  cap)  which  will 
completely  detonate  or  explode  the  charge,  as  recommended  by  the  manufacturer. 
The  explosive  must  be  in  such  condition  that  the  chemical  and  physical  testa  do  not 
show  any  unfavorable  results. 

An  explosive  will  be  considered  unsatisfactory  if  it  is  not  chemically  stable,  if  it 
shows  leakage  of  nitroglycerin,  or  if  it  is  in  such  a  condition  that  exudation  of  nitro- 
glycerin will  occur  in  handling  or  transportation . 

A  680-gram  (H-pound)  charge  of  an  explosive  must  not  evolve  158  liters  (5J  cubic 
feet)  or  more  of  jwisonous  gases  as  determined  by  gage  tests.  The  poisonous  gases 
that  are  likely  to  be  evolved  on  explosion  are  carbon  monoxide,  hydrogen  sulphide, 
and  nitrogen  oxides. 

Explosives  that  require  a  charge  of  more  than  680  grams  (1^  pounds)  to  satisfactorily 
break  down  coal  under  normal  conditions  of  mining  will  be  considered  unsatisfactory. 
The  size  of  the  charge  is  determined  by  tests  with  the  ballistic  pendulum. 

An  explosive  will  be  considered  unsatisfactory  if  it  is  too  sensitive  to  frictional 
impact  (a  glancing  blow) .  Such  sensitiveness  is  determined  by  tlie  pendulum  friction 
device  when  the  shoe  is  faced  with  fiber. 

In  order  that  the  dust  used  in  tests  3  and  4  may  be  of  the  same  quality,  it  is  always 
taken  from  the  same  mine,  ground  to  the  same  fineness,  and  used  while  still  fresh. 

The  following  are  the  gallery  tests  to  which  are  subjected  the  explosives  that  the 
Bureau  of  Mines  is  asked  to  place  in  the  list  of  permissible  explosives: 

Test  1.  Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrapper, 
shall  be  fired,  each  tamped  with  1  pound  «  of  clay  stemming,  at  a  gallery  temperature 
of  77°  F.,  into  a  mixture  of  gas  and  air  containing  8  per  cent  of  gas  (methane  and 
ethane).  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  10  shots 
ignites  this  mixture. 

Test  3.  Ten  shots  each  with  the  charge  as  described  above,  in  its  original  wrapper, 
shall  be  fired,  each  tamped  with  1  pounds  of  clay  stemming,  at  a  gallery  temperature 
of  77°  F.,  into  40  pounds  of  bituminous  coal  dust,  20  pounds  of  which  is  to  be  dis- 
tributed uniformly  on  a  wooden  bench  placed  in  front  of  the  cannon  and  20  pounds 
placed  on  side  shelves  in  sections  4,  5,  and  6.  An  explosive  is  considered  to  have 
passed  the  test  if  no  one  of  the  10  shots  ignites  this  mixture. 

Test  4.  Five  shots  each  with  IJ-pound  charge,  in  its  original  wrapper,  shall  be 
fired  without  stemming,  at  a  gallery  temperature  of  77°F.,  into  a  mixture  of  gas  and 
air  containing  4  per  cent  of  gas  (methane  and  ethane)  and  20  pounds  of  bituminous 
coal  dust,  18  pounds  of  which  is  to  be  placed  on  shelves  along  the  sides  of  the  first  20 
feet  of  the  gallery  and  2  pounds  to  be  so  placed  that  it  will  be  stirred  up  by  an  air 
current  in  such  manner  that  all  or  part  of  it  will  be  suspended  in  the  first  division  of 
the  gallery.  An  explosive  is  considered  to  have  passed  the  test  if  no  one  of  the  five 
shots  ignites  this  mixture. 

DEFINITION    OF    PERMISSIBLE    EXPLOSIVE, 

An  explosive  is  called  a  permissible  explosive  when  it  is  similar  in  all  respects  to 
the  sample  that  passed  certain  tests  by  the  United  States  Bureau  of  Mines  and  when 
it  is  used  in  accordance  with  the  conditions  prescribed  by  this  bureau. 

"  Two  pounds  of  clay  stemming  arc  used  with  slow-burning  explosives. 
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Subject  to  the  conditions  and  provisions  stated  above,  the  following  explosives  are 
classified  as  permissible  explosives: 

Table  1. — Permissible  explosives  tested  prior  to  Mar.  1,  1913. 


Brand. 


Class 
designa- 
tion. 


When  used 
with  detona- 
tors, prefer- 
ably electric 
detonators,  of] 
not  less  efll 
ciency  than- 


Manufapturer. 


.Sitna  coal  powder  A 

Mta2.  coal  powder  A  A 

M\.n2i  coal  powder  B 

Mtna.  coal  powder  C 

Bental  coal  powder  No.  1-A . 

Bental  coal  powder  No.  2 

Bituminite  No.  1 


Class 
Class 
..do. 
Class 
..do. 


Class 


No.  6.. 
....do. 
....do. 
....do. 
....do. 
No.  7.. 
No.  6.. 


Bituminite  No.  3 

Bituminite  No.  4 

Bituminite  No.  5 

Black  Diamond  No.  2-A 

Black  Diamond  No.  3-A 

Black  Diamond  No.  5 

Cameron  mine  powder  No.  1-A 

Cameron  mine  powder  No.  2-A 

Cameron  mine  jwwder  No.  2-.\,  L.  F.. 

Cameron  mine  powder  No.  3-.\ 

Carbonite  No.  1 


..do.. 
..do.. 
Class  ] 
Class  ^ 

..do.. 
Class  1 
..do.. 

..do.. 
..do.. 

Class  < 
..do.. 


..do.... 
..do.... 
..do.... 
..do.... 

..do.... 
..do.... 
..do.... 

..do.... 
..do.... 
..do.... 
..do.... 


Carbonite  No.  2 

Carbonite  No.  3 

Carbonite  No.  4 

Carbonite  No.  5 

Carbonite  No.  6 

Coalite  A 

Coalite  X 

Coalite  No.  1 

Coalite  No.  2-D 

Coalite  No.  2-D.  L 

Coalite  No.  2-M,  L.  F. 

Coalite  No.  3-X 

Coalite  No.  3-XA 

Coalite  No.  3-XB 

CoaUte  No.  3-XC 

Coal  Special  No.  1 


..do. 
..do. 
..do. 
..do. 
..do. 
Class 
..do. 
Class 
..do. 
..do. 
..do. 
Class 
..do. 
..do. 
..do. 
Class 


lo. 


4.. 


Coal  Special  No.  2 

Coal  Special  No.  2-W 

Coal  Special  No.  3-C 

Collier  powder  B ,  N.  F 

Collier  powder  KN 

Collier  powder  No.  X 

Collier  powder  X,  L.  F 

Collier  pnjwder  No.  2 

Collier  powder  No.  5 

Collier  powder  No.  5-L.  F . . . 
Collier  powder  No.  5,  special. 
Collier  powder  No.  6-L.  F . . . 

Collier  No.  9 

Collier  powder  No.  11 

Cronite  No.  1 


...do. 

...do. 

...do. 
Class 

...do. 

...do. 

...do. 
Class 
Class 

...do. 

...do. 
Class 
Class 

...do. 

...do. 


....do , 

....do 

....do , 

....do , 

....do 

....do , 

....do 

....do , 

....do , 

....do 

....do 

....do 

....do 

....do 

....do 

....do 


...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 

...do 


Cronite  No.  5 

Detonite  special . 
Eureka  No.  2.... 


Fort  Pitt  mine  jwwder  No.  1 . . 

Fuel-ite  No.  1 

Fuel-iteNo.  2 

Fuel-ite  No.  3 

Giant  A  low-flame  dynamite. . 

Giant  B  low-llame  dynamite. . 
iliant  C  low-flame  dynamite. . . 
Giant  coal-mine  jKiwdcr  No.  5. 
<  iiant  coal-mine  powder  No.  6. 
Giant  coal-mine  powder  No.  7. 
(iiant  coal-mine  jiowder  No.  S. 


...do. 
...do. 

Class 

Class 
...do. 
...do. 
Class 
Class 

..do. 
..do. 
Class 
Class 
..do. 
..do. 


No.  7 

do 

No.  6 


.do. 
.do. 
.do. 
.do. 
.do. 


...do 

...do 

...do 

...do 

...do 

...do 


^tna  Powder  Co.,  Chicago,  111. 

Do. 

Do. 

Do. 
Independent  Powder  Co.,  Joplin,  Mo. 

Jefferson   Powder   Co.,    Birmingham, 
Ala. 

Do. 

Do. 

Do. 
Illinois  Powder  Manufacturing  Co.,  St. 
Louis,  Mo. 

Do. 

Do. 
Cameron  Powder  Manufacturing  Co., 
Emporium,  Pa. 

Do. 

Do. 

Do. 
E.  I.  du  Pont  de  Nemours  Powder  Co., 
Wilmington,  Del. 

Do. 

Do. 

Do. 

Do. 

Do. 
Potts  Powder  Co.,  New  York,  N.  Y. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
Keystone  National  Powder  Co.,  Em- 
porium, Pa. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 
G.  R.  McAbee  Powder  &  Oil  Co.,  Pitts- 
burgh, Pa. 

Do. 
The  King  Powder  Co., Cincinnati,  Ohio. 
G.  R.  McAbee  Powder  &  Oil  Co.,  Pitts- 
burgh, Pa. 
Fort  Pitt  Powder  Co.,  Pittsburgh,  Pa. 
Burton  Powder  Co..  Pittsburgh,  Pa. 

Do. 

Do. 
Giant    Powder    Co.     (Consolidated), 
Giant,  Cal. 

Do. 

Do. 

Do. 

Do. 

Do. 

Do. 


1 


APPENDIX,  305 

Table  1. — Permissible  explosives  tested  prior  to  Mar.  1,  WIS — Continued. 


Brand. 

Class 
designa- 
tion. 

When  used 
with  detona- 
tors, prefer- 
ably electric 
detonators,  of 
not  less  elti- 
cieneythan — 

Manufacturer. 

Class  4.. 
Class  la. 
...do 

No.  7 

No.  6 

do 

Independent  Powder  Co.,  Joplin,  Mo. 

Guardian  No.  2 

Do. 

Guardian  coal  powder  B 

Class  4.. 
Class  la. 

Class  16. 

Cliiss2.. 

...do 

No.  7 

do 

No.S 

No.  6 

do 

do 

Do. 

Hecla  No.  2 

E.  I.  du  Pont  de  Nemours  Powder  Co., 

Kanite  A 

Wilmington,  Del. 
W.  II.  Blumenstein  Chemical  Works, 

Lomite  No.  1 

Pottsville,  Pa. 
G.  R.  McAbee  Powder  &  Oil  Co., Pitts- 

Meteor AXXO 

burgh,  Pa. 
E.  I.  du  Pontde  Nemours  Powder  Co., 

Mine-ite  A 

Class  4.. 

Wilmington,  Del. 
Burton  Powder  Co.,  Pittsburgh,  Pa. 
Do. 

Mine-ite  A-2    

...do... 

do 

Mine-ite  B 

...do 

do 

Do. 

Mine-ite  B-2 

...do 

do 

Do. 

Mine-ite  No.  5-D 

Class  lo. 
...do 

do 

do 

Do. 

Monobel  No.  1 

E.  I.  du  Pont  de  Nemours  Powder  Co., 

Monobel  No.  2 

...do 

do 

do 

Wilmington,  Del. 
Do. 

...do 

Do. 

...do 

do 

do 

do 

do 

Do. 

Monobel  No.  5 

Monobel  No.  0 

...do.... 
...do 

Do. 
Do. 

...do 

Do. 

Nitro  low-Hame  No.  1 

Class  4.. 
...do.... 
Class  3.. 

...do 

do 

do 

No.  6 

do 

do 

do 

do 

Nitro  Powder  Co.,  Kingston,  N.  Y. 

Nitro  low-flame  No.  2 

Trojan  coal  powder  11 

Trojan  coal  powder  I 

Do. 
Pennsylvania    Trojan     Powder    Co., 
A  lien  town.  Pa. 
Do. 

Trojan  coal  powder  J 

Tunnelite  B 

...do.... 
Class  lo. 

...do 

Do. 
0.  R.  McAbee  Powder  &  Oil  Co.,  Pitta- 

Tunnelite  C 

burgh,  Pa. 
Do. 

Tuiuielite  No.  5 

Class  4.. 
...do 

do 

do 

do 

do 

...do 

Do. 

Tunnelite  No.  6 

Do. 

Tunnelite  No.  7 

...do.... 
...do 

Do. 
Do. 

Tuiuielite  No.  8 

.do..   . 

Do. 

Tunnelite  No.  S-T,.  F 

...do 

do 

Do. 

The  tests  now  prescribed  as  those  a  permissible  explosive  must  have  passed  are 
those  given  on  pages  302-3 .  But  even  the  explosives  that  have  passed  those  tests  and 
are  published  as  permissible  explosives  are  to  be  considered  as  permissible  explo- 
sives only  when  used  under  the  following  conditions: 

1.  That  the  explosive  is  in  all  respects  similar  to  the  sample  submitted  by  the 
manufacturer  for  test. 

2.  That  detonators — preferably  electric  detonators — are  used  of  not  less  efficiency 
than  those  prescribed,  namely,  those  consisting  by  weight  of  90  parts  of  mercury 
fulminate  and  10  parts  of  potassium  chlorate  (or  their  eqtiivalents). 

3.  That  the  explosive,  if  frozen,  shall  be  thoroughly  thawed  in  a  safe  and  suitalile 
manner  before  use. 

4.  That  the  quantity  used  for  a  shot  does  not  exceed  IJ  pounds  (680  grams),  prop- 
erly tamped  with  clay  or  other  noncombustible  stemming. 

It  must  not  be  supposed  that  an  explosive  that  has  once  passed  the  above-men- 
tioned tests  and  has  been  published  in  lists  of  permissible  explosives  is  thereafter  to 
be  considered  a  permissible  explosive,  regardless  of  its  condition  or  the  way  in  which 
it  is  used.  Thus,  for  example,  an  explosive  named  in  the  permissible  list,  if  kept 
in  a  moist  place  until  it  undergoes  a  change  in  character  is  no  longer  to  be  considered 
a  permissible  explosive.  If  used  in  a  frozen  or  partly  frozen  condition,  it  is  not 
when  so  used  a  permissible  explosive.     If  used  in  excess  of  the  quantity  specified 
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m  pounds),  it  is  not  when  so  used  a  permissible  explosive.  And  when  the  other 
conditions  have  been  met,  it  is  not  a  permissible  explosive  if  fired  with  a  detonator 
of  less  efficiency  than  that  prescribed. 

Moreover,  even  when  all  the  prescribed  conditions  have  been  met,  no  permissible 
explosive  should  necessarily  be  considered  as  permanently  being  a  permissible  explo- 
sive, but  any  permissible  explosive  when  used  under  the  prescribed  conditions  may 
properly  continue  to  be  considered  a  permissible  explosive  until  notice  of  its  with- 
drawal or  removal  from  the  list  has  been  officially  published,  or  until  its  name  is 
omitted  from  a  later  list  published  by  the  Bureau  of  Mines. 

Furthermore,  the  manufacturers  of  a  permissible  explosive  may  withdraw  it  at 
any  time  when  introducing  a  new  explosive  of  superior  qualities.  And  after  further 
experiments  and  conferences  the  Bureau  of  Mines  may  find  it  ad\'isable  to  adopt 
additional  and  more  severe  tests  to  which  all  permissible  explosives  may  be  sub- 
jected, in  the  hope  that  through  the  use  of  such  explosives  only  as  may  pass  the  more 
severe  tests  the  lives  of  miners  may  be  better  safeguarded . 

CLASSIFICATJOX    OF    PERMISSIBLE    EXPLOSIVES. 

In  Table  2  the  permissible  explosives  are  arranged  in  four  classes,  the  rate  of  det- 
onation of  each  explosive  being  given. 

Table  2. — Classes  and  rate  of  detonation  of  permissible  explosives. 


Class  and  brand  of  explo.sive. 


Class  1.— Ammontltm  Nite.\te. 

Subclass  a. 

Mtna.  coal  powder  AA 

Bental coalpowder  No.  1-A 

Bental  coal  powder  No.  2 

Bituminite  No.  5 

Black  Diamond  No.  5 

Cameron  mine  powder  No.  1-A 

Cameron  mine  powder  No.  2-A 

Cameron  mine  powder  No.  2-A,  L.  F 

Coalite  A 

Coalite  X 

Coalite  No.  3-X 

Coalite  No.  3-X  A 

Coalite  No.  3-XB 

Coalite  No.  3-XC 

Collier  powder  B,  N.  F 

Collier  powder  KN 

Collier  powder  No.  X 

Collier  powder  X,  L.  F 

Collier  powder  No.  5 

Collier  powder  No.  5-L.  F 

Collier  powder  No.  5,  special 

Collier  No.  9 

CoUier  powder  No.  11 

Cronite  No.  1 

Cronite  No.  5 

Detonite  special 

Fuel-ite  No.  3 

Giant  coal-mine  powder  No.  5 

Guardian  No.  2 

Guardian  No.  3 

Hecla  No.  2 

Mine-ite  No.  &-D 

Monobel  No.  1 

Monobel  No.  2 

Monobel  No.  3 

Monobel  No.  4 

Monobel  No.  5 

Monobel  No.  6 

Monobel  No.  7 

Tunnelite  B 

Tnnnelite  C 


Rate  of  detonation  in  IJ 
by  8  inch  cartridge. 


Feet  per 
second. 


Meters  per 
secona. 


7,880 

2,403 

7,690 

2,343 

4,750 

1,447 

9,120 

2,782 

6,020 

1,835 

10,950 

3,339 

10,520 

a  3, 206 

10,950 

3,338 

8,870 

2,705 

9,000 

2,745 

7,290 

2,223 

10,420 

3,176 

11,290 

3,441 

8,320 

2,536 

10,950 

3,338 

11,610 

3,539 

7,820 

2,384 

9,990 

3,047 

8,280 

2,524 

9,370 

2,858 

8,330 

2,541 

6,690 

2,040 

11,680 

3,561 

10, 490 

3,198 

8,090 

2,466 

10, 840 

6  3,305 

8,590 

2,620 

10,230 

3,118 

8,980 

2,738 

7,660 

2,336 

13,990 

4,264 

8,720 

2,658 

11,700 

3,568 

9,870 

3,009 

7,260 

2,212 

8,980 

2, 738 

6,760 

2,061 

10,380 

3, 16.5 

10, 050 

3,065 

9,990 

3,047 

10,060 

3,068 

"  ll-inch  cartridges  ased. 


*  IJ-inch  cartridges  used. 
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Table  2. — Classes  and  rate  of  detonation  of  permissible  explosives — Continued. 


Class  I. — Ammonium  Nitrate— Continued. 

Subclass  h. 
Kanite  A 

Class  2.— Hydrated. 

Eureka  No.  2 

Giant  A  low-flame  dynamite 

( iiant  B  low-flame  dynamite 

(iiant  C  low-flame  dynamite 

Giant  coal-mine  powder  No.  6 

Giant  coal-mine  powder  No.  7 

Giant  coal-mine  powder  No.  8 

Lomite  No.  1 

Meteor  AXXO 

Class  3.— Organic  Nitrate  (other  than  Nitrogltceein) 

Trojan  coal  powder  II 

Trojan  coal  powder  I 

Trojan  coal  powder  J 

Class  4. — Nitroglycerin. 

^tna  coal  powder  A 

jEtna  coal  powder  B 

jEtna  coal  powder  C 

Bituminite  No.  1 

Bituminite  No.  3 

Bituminite  No.  4 

Blaclv  Diamond  No.  2-A 

Black  Diamond  No.  3-A 

Cameron  mine  powder  No.  3-A 

Carbonite  No.  1 

Carbonite  No.  2 

Carbonite  No.  3 

Carbonite  No.  4 

Carbonite  No.  5 

Carbonite  No.  6 

Coalite  No.  1 

Coalite  No.  2-D 

Coalite  No.  2-D.  L 

Coalite  No.  2-M,  L.  F 

Coal  special  No.  1 

Coal  special  No.  2 

Coal  special  No.  2-W 

Coal  special  No.  3-C 

Collier  powder  No.  2 

Collier  powder  No.  6-L.  F 

Fort  Pitt  mine  powder  No.  1 

Fuel-ite  No.  1 

Fuel-ite  No.  2 

Guardian  A 

Guardian  coal  powder  B 

Mine-ite  A 

Mine-ite  A-2 

Mine-ite  B 

Mine-ite  B-2 

Nitro  low-flame  No.  1 

Nitro  low-flame  No.  2 

Tunnelite  No.  5 

Tuimelite  No.  6 

Tunnelite  No.  6-L.  F 

Tunnelite  No.  7 

Tunnelite  No.  8 

Tuimelite  No.  8-L.  F 


10, 730 


a  3, 270 


10, 720 

3,269 

8,140 

2,481 

9,100 

2,773 

8,860 

2,702 

11,540 

3,519 

10,830 

3,301 

10,830 

3,301 

13,940 

4,250 

8,410 

2,563 

9,420 

2,872 

9,620 

2,934 

10,590 

3,230 

12,620 

3,848 

9,870 

3,008 

7,010 

2,138 

12,800 

3,901 

9,330 

2,843 

7,540 

2,298 

12,600 

3,842 

11, 160 

3,402 

10,930 

3,333 

10,950 

3,338 

11,380 

3,470 

8,710 

2,656 

7,670 

2,339 

10, 140 

3,092 

7,490 

2,285 

7,930 

2,418 

8,430 

2,571 

7,340 

2,237 

9,220 

2,811 

11,800 

3,598 

10,240 

3,123 

11,590 

3,534 

9,760 

2,977 

8,870 

2,704 

9,660 

2,944 

11,230 

3,424 

11, 150 

3,400 

8,240 

2,512 

10, 130 

3,089 

8,960 

2,733 

11,290 

3,443 

10,670 

3,252 

9,540 

2,908 

7,410 

2,260 

13,380 

4,079 

14,560 

4,439 

8,400 

2,562 

9,670 

2,947 

9,620 

2,933 

8,720 

2,659 

8,020 

2,446 

8,720 

2,658 

a  ij-inch  cartridges  used. 
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PUBLICATIONS    ON     MINE    ACCIDENTS    AND    TESTS    OF 

EXPLOSIVES. 

Tlie  following  Bureau  of  Miiu^s  publications  may  be  obtained 
free  by  applying  to  the  Director,  Bureau  of  Mines,  Washington,  D.  C. 

Bulletin  10.  The  use  of  permissible  explosives,  t)y  J.  J.  Rutledge  and  Clarence 
Hall.     1912.     34  pp.,  5  pis.,  4  figs. 

Bulletin  15.  Investigations  of  explosives  used  in  coal  mines,  by  Clarence  Hall, 
"W.  0.  Snelling,  and  S.  P.  Howell,  with  a  chapter  on  the  natural  gas  used  at 
Pittsburgh,  by  G.  A.  Burrell,  and  an  introduction  by  C.  E.  Munroe.  1911.  197  pp., 
7  pis.,  5  figs.     . 

Bulletin  17.  A  primer  on  explosives  for  coal  miners,  by  C.  E.  Munroe  and  Clarence 
Hall.  Gl  pp.,  10  pis.,  12  figs.  Reprint  of  United  States  Geological  Survey  Bulletin 
423. 

Bulletin  20.  The  explosibility  of  coal  dust,  by  G.  S.  Rice,  with  chapters  by 
J.  C.  "W.  Frazer,  Axel  Larsen,  Frank  Haas,  and  Carl  Scholz.  204  pp.,  14  pis.,  28  figs. 
Reprint  of  United  States  Geological  Survey  Bulletin  425. 

Bulletin  42.  The  sampling  and  examination  of  mine  gases  and  natural  gas,  by 
G.  A.  Burrell,  1912.     106  pp.,  2  pis.,  21  figs. 

Bulletin  44.  First  national  mine-safety  demonstration,  by  H.  M.  Wilson  and  A.  H. 
Fay,  with  a  chapter  on  the  explosion  at  the  experimental  mine,  by  G.  S.  Rice.  1912. 
75  pp.,  7  pis.,  4  figs. 

Bulletin  46.  An  investigation  of  explosion-proof  motors,  by  H.  H.  Clark.  1912. 
44  pp.,  6  pis.,  14  figs. 

Bulletin  48.  The  selection  of  explosives  used  in  engineering  and  mining  opera- 
tions, by  Clarence  Hall  and  S.  P.  Howell.     1912.     50  pp.,  3  pis.,  7  figs. 

Bulletin  51.  The  analysis  of  black  powder  and  dynamite,  by  W.  O.  Snelling  and 
C.  G.  Storm.     1913.     80  pp.,  5  pis.,  5  figs. 

Bulletin  52.  Ignition  of  mine  gases  by  the  filaments  of  incandescent  electric 
lamps,  by  H.  H.  Clark  and  L.  C.  Ilsley.     1913.     31  pp.,  6  pis.,  2  figs. 

Bulletin  56.  First  series  of  coal-dust  tests  in  the  experimental  mine,  by  G.  S. 
Rice,  L.  M.  Jones,  J.  K.  Clement,  and  W.  L.  Egy.  1913.     115  pp.,  12  pis.,  28  figs. 

Bulletin  59.  Investigations  of  detonators  and  electric  detonators,  by  Clarence 
Hall  and  S.  P.  Howell.     1913.     79  pp.,  10  pis.,  5  figs. 

Bulletin  62.  Record  of  the  national  mine-rescue  and  first-aid  conference,  Pitts- 
burgh, Pa.,  September  23-26,  1912,  by  H.  M.  Wilson.     1913.     74  pp. 

Bulletin  65.  Oil  and  gas  wells  through  workable  coal  beds;  papers  and  discussions, 
by  G.  S.  Rice,  O.  P.  Hood,  and  others.     1913.     101  pp.,  1  pi.,  11  figs. 

Technical  Paper  4.  The  electrical  section  of  the  Bureau  of  Mines,  its  ])urpose  and 
equipment,  by  H.  H.  Clark.     1911.     12  pp. 

Technical  Paper  6.  The  rate  of  burning  of  fuse  as  influenced  by  teni])erature  and 
pressure,  by  W.  O.  Snelling  and  W.  C.  Co])e.     1912.     28  pp. 

Technical  Paper  7.  Investigations  of  fuse  and  miners'  squibs,  by  (  larence  Hall  and 
S.  P.  Howell.     1912.     19  pp. 

Technical  Paper  11 .  The  use  of  mice  and  birds  for  detecting  carbon  monoxide  after 
mine  fires  and  explosions,  by  G.  A.  Burrell.     1912.     15  pp. 

Technical  Paper  12.  Thebehaviorof  nitroglycerin  when  heated,  by  W.  O.  Snelling 
and  C.  G.  Storm.     1912.     14  pp.,  1  pi.,  2  figs. 

Technical  Paper  13.  Gas  analysis  as  an  aid  in  fighting  mine  fires,  by  G.  A.  Burrell 
and  F.  M.  Seibert.     1912.     16  pp.,  1  fig. 

Technical  Paper  14.  Apparatus  for  gas-analysis  laboratories  at  coal  mines,  by  G.  A. 
Burrell  and  F.  M.  Seibert.     1913.     24  pp.,  7  figs. 
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Technical  Paper  17.  The  effect  of  stemming  on  the  efficiency  of  explosives,  by 
W.  O.  Snelling  and  Clarence  Hall.     1912.     20  pp.     11  figs. 

Technical  Paper  18.  Magazines  and  thaw  houses  for  explosives,  by  Clarence  Hall 
and  S.  P.  Howell.     1912.     34  pp.,  1  pi.,  5  figs. 

Technical  Paper  19.  The  factor  of  safety  in  mine  electrical  installations,  by  H.  H. 
Clark.     1912.     14  pp. 

Technical  Paper  21.  The  prevention  of  mine  explosions;  report  and  recommenda- 
tions by  Victor  Watteyiae,  Carl  Meissner,  and  Arthur  Desborough.  12  pp.  Reprint 
of  United  States  Geological  Survey  Bulletin  3G9. 

Technical  Paper  23.  Ignition  of  gas  by  miniature  electric  lamps,  by  H.  H.  Clark. 
1912.     5  pp. 

Technical  Paper  24.  Mine  fires,  a  preliminary  study,  by  G.  S.  Rice.  1912.  51 
pp.,  1  fig. 
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Explosives,  foreign,  analyses  of 275-276 
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hydrated  exjjlosives,  organic  nitrate 
explosives,  nitroglycerin  explosives, 
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Hazlewood,  A.  J.,  work  of 1 
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large,  description  of 17 

elevation  and  details  of 18 
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K. 

Kauite  A,  tests  of . . .   192-195 

Koster,  .1.  W.,  work  of 1 

L. 

Lead    block'  test.    See   Small   lead    blocks; 
Trauzl  lead  blocks. 

Limit  charge  tests,  results  of 291-299 

figures  showing 300, 301 
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